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Abstract 
The project has studied the inheritance of microsatellite alleles across four 
chromosomes within two multi-generation families from a highly endogamous 
community, the Sankethi of Karnataka, India. The two families each have members 
from four generations participating in the study. finger prick blood samples and 
detailed pedigree information were collected from subjects in India. 
DNA was extracted from the blood spot samples using a phenol-chloroform 
technique, and analysed by spectrophotometry to determine DNA concentrations. 
Fluorescent markers from chromosomes 15, 16, 17 & 18 were amplified using 
polymerase chain reaction (PCR) techniques on a Perkin Elmer 96 well thermocycler. 
The PCR products were then scnnned by laser using an ABI PRISMlM 310 Genetic 
Analyzer to identify the different primer products. Analysis of these results was used to 
establish homozygosity or heterozygosity at each microsatellite site. 
The aims of the investigation were to ascertain the alleles present in the community 
and their frequency, to detem:ine the levels of homozygosity and residual heterozygosity 
in the study group, and to prepare a genetic characterisation of the community across the 
chromosomes studied. Due to the small founding size of the community, and their long 
tradition of endogamy and preferential consanguinity with effective geographical, 
cultural, and religious isolation, it was assumed that the coefficient of inbreeding (F) 
would be high. The results of the study indicate that there may be reduced tolerance to 
homozygosity in certain areas of the genome, with the possibility that some of these 
regions may coincide with the locations of developmental genes. 
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1 Introduction and Literature Review 
1.1 Gcnerallntroduction 
Consanguinity, or marriage between persons related as second cousins or closer 
(Bittles, 1994) is prevalent in many populations throughout the world (Figure 1.1 ). 
Statistical analysis predicts that a relative increase in homozygosity, where two identical 
alleles occur at a given locus on paired chromosomes, would be observed within 
populations that practise consanguinity (Jorde, 1991 ). However, several animal studies 
indicate that this progression to homozygosity occurs at a slower rate than statistically 
predicted (Fincham 1975; Connor and Bellucci, 1979; Mina et a/., 1991; Rumball et a/. 
1994). 
Genome based studies into homozygosity within endogamous human 
populations are rare. Also, difficulties may arise where there is lack of confidence in the 
information regarding admixture in an endogamous community. Admixture can directly 
affect the number of alleles present in the community and slow the expected progression 
towards homozygosity. It is therefore important to establish studies in communities 
where information regarding endogamy and inbreeding are relatively reliable. 
The subjects for this investigation are two families from the Sankethi 
community, Karnataka, South India. This endogamous community has practised 
consanguinity as a preferred method of partner choice but, despite the practice, the often 
expected features of an inbred community, such as mental and/or physical 
abnormalities, are not seen. 
This study has investigated the observed levels of homozygosity within two 
families from the subject group, with the intention of determining whether a mechanism 
which promotes heterozygosity at specific regions of the genome could exist. 
1.2 Consanguinity 
Consanguinity is conveniently described as: "unions between individuals who 
share at least one common ancestor and this definition is conventionally applied to 
persons related as second cousins or closer" (Bittles, 1994). Consanguineous marriage, 
while generally rare in the Western world, has been maintained at high levels in many 
other major populations (Figure 1.1 ). In a study conducted on 32 I 2 Saudi families 
consanguinity was reported to be 57.7%, where first cousin marriages represented 
28.4% of unions (el-Hazmi et a/., 1997), while one report from Pakistan states an 
overall frequency of inbreeding as high as 76% (Hashmi , 1997). In most Muslim 
countries, some 20-50+% of marital unions are between second cousins or closer 
(Bittles, 1994). In fact among Muslims, marriage to a father's brother's daughter may 
be obligatory, and it would be considered an insult to the family to refuse such a union. 
The wife of this form of marital union has status as the principal wife in polygynous 
Muslim households (Kapadia, I 958). 
It is suggested that the Prophet Muhammad assigned to daughters and other 
females a share in the family property in order to contribute to family solidarity. The 
dower, or mahr was declared the property of the woman, over which she had control 
until her marriage, when th~.: property passed to her new family. This meant that if the 
marriage was contracted within the family, the property would remain within the family 
of origin (Kapadia, 1958; Givens and Hirschman, 1994). Cross-cousin and maternal 
uncle-niece marriages are common among many Dravidian Hindu communities where, 
upon marriage, the bride moves to her husband's household locality and is taken in as 
part of the family. Once a member of the new family, the wife will work to assist in 
providing for herself and her in-laws. In this way the wife can be viewed as a benefit, 
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rather than a burden. In contrast, an adult un-married daughter is not required to assist 
the family in providing for her needs, and it is seen as socially improper to depend on 
the earnings of such a daughter (Reddy, 1991 ). Therefore a daughter-in-law is of more 
economic benefit to the family than a daughter. Rao (1993) supports this view, stating 
that there are strong social and economic pressures for women to be married within a 
certain age range, due to the severe economic and social liabilities experienced by 
families with unmarried older daughters. 
This social pressure adds to a marriage squeeze, where parents of older potential 
brides will outbid other dowry offers in order to find a husband for their daughter (Rao, 
1993). The benefit of taking a wife will encourage the family to accept marriage with a 
relative, where arrangements for the marriage can occur with ease, and also to accept the 
lower dowry payment which is commonly associated with this kind of marriage. To 
give up a daughter in marriage to close kin will reduce the burden of support of the 
daughter on the family, and also reduce or negate the provision of an exorbitant dowry. 
It is also believed that enhanced social compatibility will exist (Givens et a/., 
1994) both between husband and wife and between the wife and her new mother-in-law. 
Not only are consanguineous unions preferred because of the comparative ease with 
which the prenuptial negotiations can be conducted, but there exists an underlying 
conviction that by marrying within the extended family, there should be no hidden 
uncertainties regarding health or other unfavourable family characteristics (Bittles eta/., 
1991). 
Land-owning families favour consanguineous unions in order to retain property 
within the extended family, which combined with the probability of a token or 
4 
significantly reduced dowry payment, creates sound economic reasoning behind such 
marriages (Bittles, 1994). 
In Karnataka, South India, Bittles eta/. (1991) conduoted a 10 year study where 
information regarding consanguineous marriages was collected from 107,518 marriages. 
Consanguineous unions of second cousin or closer were represented by 31.4% of the 
surveyed group. Consanguinity was most prevalent among Hindus with 33.5% of these 
marital unions between relatives (Bittles et al., 1991 ). 
1.2.1 Dowry payments 
Consanguinity is especially prevalent in communities with low socioeconomic 
status (Rao and lnbaraj, 1977; Saedi· Wong, AI·Frayh, and Wong, 1989; Bitt1es e/ a/., 
1991; Bitt1es and Nee!, 1994). In these groups, the lessened or excused dowry or 
bridewealth payments when marriage is contracted within the family have great 
significance (Barth 1954; Hann 1985; Govinda Reddy 1988; Caldwell, Reddy, and 
Caldwell 1988). 
In India, exorbitant requirements for marriage payments have led to links 
between dowry deaths and financial hardship (Kumari, 1989; Rao, 1993). Kumari 
(1989) voiced concerns that in North India dowry payments are being demanded, and 
paid, without due consideration of the bride's father's income and wealth. The inability 
of a bride's family to meet the financial demands of the husband's family has led to the 
ill-treatment of young wives, including burnings, persecution of the bride till she is 
driven to commit suicide, and even murder. If the bride returns to her parental home 
due to ill-treatment, the family of the bride often will continue to send the bride back to 
the husband, as they do not believe it respectable for a woman to live independently. 
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Kumari (1989) found that dowry payments are often so disproportionate to the 
means of the bride's family that few families are able to give the dowry demanded, with 
only 10.6% of the population studied fully meeting the demanded dowry, and the 
remainder only making partial payment, or promising to pay at a later time. Even those 
families that are able to comply with the dowry demands may be faced with additional 
demands after the marriage has taken place, or within hours prior to the ceremony 
(Kumari, !989). 
1.2.2 Consanguinity and fertility 
The early age of consanguineous marriage generally results in a greater number 
of offspring born to consanguineous unions (Bittles, 1994). This higher fertility rate has 
been seen as a benefit in balancing high death rate and famine (Mukherjee, 1973). In a 
comparison of surveys conducted in India and Pakistan, a positive association was 
observed between consanguinity and fertility in 19 out of 22 populations (Bittles, 1995). 
Bittles et a/., (1992) found that mortality is significantly higher among the children of 
marriages between blood relatives. However, as inbreeding is more likely in groups of 
lower socioeconomic status, it is unclear as to whether the observed increase in 
mortality is in fact attributable to consanguinity, or if socioeconomic causes influence 
these results. 
1.3 The Indian £astc system 
The caste system in India segregates society into several thousand major 
endogamous groups. Each caste resides within a particular geographical range and 
possesses a hereditarily determined mode of subsistence, and so traditionally, caste co~ 
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existence effectively controlled competition for limited resources within regions. Under 
this system, each animal or plant resource in a given locality was used almost 
exclusively by one particular lineage within a caste, with the practice being handed 
down through the generations. It has been hypothesised that under the caste system 
there was a sustainable use of resources, which in turn contributed significantly to 
overall social stability (Gadgil and Malhotra, 1983; Gadgil and Guha 1995). 
Castes may be defined as an extended kin group, since endogamy and 
distribution over a defined geographical area causes caste members to be related via ties 
of blood or marriage. However, in North India there are strict proscriptions on the 
marriage of biological kin (Karve Irawati, 1953). The castes are divided into four major 
orders called varna (colour), the Brahmin, Kshatriya, Vaishya and Shudra. During 
medieval times a fifth varna, the Panchama, was added to include the so·called 
"scheduled castes". The Brahmin varna comprises all castes which are involved in 
work as priests, or who now work in the higher echelons of government and the private 
sector (Reddy, 1991). Castes in the Kshatriya varna were traditionally warriors c.r 
ruling chieftains. The Vaishya hereditary occupations are trade, commerce and shop· 
keeping. The Shudra order is made up of a large number of professions including food 
producers, artisans, service castes and others. The Panchama has been sometimes 
regarded as a sub-order of the Shudras, consisting of persons involved with cattle 
carcasses, removal of night soil, etc. (Reddy, 1991). 
Southern India can be divided into five regions according to language. These 
regions are Karnataka, where Kannada and allied languages are spoken, Andhra Pradesh 
where Telugu is spoken, Tamil Nadu where Tamil is spoken, Kerala where the language 
is Malayalam, and the northern region of Andhra Pradesh, where there are mixed 
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languages, with predominantly tribal people speaking Dravidian Munda languages, and 
caste Hindu populations who speak Aryan languages. These divisions also promote 
endogamy within each linguistic region (Karve Irawati, 1953). 
A typical village in South India may include some 1500 people divided into 
around 25 caste groups, ranging in size from about 5 to approximately 200 individuals, 
with an average of around 50 individuals per caste. The castes vary in their activities, 
and include cultivator, artisan, service, hunter-gatherer and priest castes. The villages 
may also be visited by a number of nomadic castes, including religious, entertainment, 
trading, toolmaker and medicinal clispens:.~ry castes (Gadgil and Malhotra, 1983). Caste 
endogamy is encouraged and, according to Dravidian custom, first cousin and uncle-
niece marriages are commonly preferential. In fact, due to the population structure, it is 
almost inevitable that all marriages will be contracted between persons related to some 
degree. These factors contribute to the creation of highly endogamous communities 
within South India. 
Research into mitochondrial DNA sequence diversity within and between castes 
was conducted by Mountain eta/. (1995). Their data indicated that high levels of recent 
gene flow between castes were improbable, as little sharing of mtDNA types was 
observed in the castes investigated; the Havik, a Brahmin caste, and the Mukri, a 
scheduled caste, both living in the coastal south west of India. This evidence supports 
the sociological perspective of castes as endogamous groupings. 
1.4 History of the Sankethi 
The Sankethi community is a Hindu Brahmin group which totals approximately 
6,000 families world-wide. The Sankethi community participating in this study is from 
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the South Indian state of Karnataka (Figure 1.2), where they are engaged in farming and 
have a high reputation as Vedic scholars. 
The Sankethi are believed to have originated from Kanyakumari, a region at the 
southern tip of India. According to community history, in the early 13th century AD 
following the instructions of their prophetess Nachararnma, the community migrated 
north with the town of Mysore as their dt:stination. Approximately I 000 families of 
Smartha Brahmins emigrated, divided into two Ei·oups. The first group of 
approximately 700 families survived the journey, including attacks by robbers along the 
road, and settled near the village of Koushika in Hassan District (District II, Figure 
1.3). They became known as Koushika Sankethi, and this district remains their main 
place of residence where they occupy some 40 villages including the original settlement 
of Koushika. Approximately 12 years later the second group of 300 families settled at 
Bettadapura near Hunsur, also in the Hassan District, and are known as the Bettadapura 
Sankethis. The Koushika and Bettadapura Sankethis do intermarry, however, once the 
bride has been brought to the village of her husband she no longer maintains 
connections with her family (Keshavaiah, 1938-1940). 
As recorded by a copper plate held in Shimoga museum, in AD 1524 a grant of 
irrigated land in Shimoga District (District 17, Figure 1.3) was made to a group of 20 
Sankethi families in recognition of their Vedic scholarship (Keshavaiah, 1938-1940). 
Two villages, Mathur and Hosahalli located on either side of thP. sacred river Tunga 
(Figure 1.4), were established by this group and their direct descendants continue to 
reside in the villages. The village groups focus on their Vedic scholarship, and they are 
eutgaged in agriculture, in particular production of the cash crop betel-nut, and also 
sugar Cl!l1e. 
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Figure 1.3 Map ofKarnataka 
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Figure 1.4 The sacred river Tunga, between the villages of 
Mathur and Hosahalli 
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Figure 1.5 Photograph of women in the traditional Sankethi sari 
(right) and Dravidian style sari (Jeft) 
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The community has its own language, a mixture of Malayalam, Tamil and 
Kannada. Currently, there are 45 Sankethi families resident in Mathur and 30 families 
in Hosahalli, with complete interchange of marriage partners between the two groups. 
The groups observe sariMworship in reverence to their prophetess Nacharamma. The sari 
is preserved as a holy relic and stored in a pot separate from other family utensils. It is 
taken out only on specified occasions by the head of the family after bathing, and 
kept at a clean consecrated place and worshipped with great devotion. The saris are 
worn in the manner of the prophetess Nacharamma (Keshavaiah, 1938-1940), tied 
tightly around the body instead of loose and flowing as is the more common style 
among the Dravidian peoples of South India (Figure 1.5). Until the present generation, 
marriage outside the community was virtually unknown. As the community is 
numerically small and geographically isolated from other Sankethi groups, and 
consanguineous marriage is traditionally practised, the overall level of inbreeding within 
the community is believed to be high. 
During the past two generations, many members of the community have 
migrated to the main cities of Kamataka, Bangalore and Mysore, where they are well-
represented in the medical and academic professions. The Sankethi therefore do not 
conform to the prevailing Western stereotype of an inbred community that is poor, with 
high levels of illiteracy and mental abnormality. 
1.5 The coefficient of inbreeding 
The coefficient of inbreeding (F) is the statistical measure of probability that an 
individual has inherited id~ntical copies of an allele from a common ancestor at a 
specific locus (Thompson et a!., 1991 ). The inheritance of identical copies of an allele 
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from a common ancestor at a specific locus is termed .. mtozygosity, or identity by 
descent. Allozygosity, or identity by state, exists when an individual has inherited two 
identical copies of an allele, but the alleles were not inherited through a common 
ancestor (Jorde, 1991). In strictly endogamous communities the coefficient of 
inbreeding equates to the proportion of loci at which a person is homozygous by descent 
(Thompson eta/., 1991). 
The coefficient of inbreeding is calculated as: 
F=Z:(Y.)" 
where; 
11 is the number of individuals in the path connecting the parents of 
the individual (including the parent themselves) and 
2: is the summation of each path that goes through a common 
ancestor (Jorde, 1991 ). 
A first cousin marriage results in progeny with a coefficient of inbreeding (F) of 
0.0625. This equates to the child inheriting identical copies of a gene from each parent 
due to autozygosity at 6.25% of all gene loci, over and above the level of homozygosity 
seen in the general population. The progeny of double first cousin marriages (where 
spouses have both sets of grandparents in common) and uncle-niece unions would have 
a coefficient of inbreeding (F) of 0.125, i.e. a 12.5% increase in homozygosity by 
descent at all1oci (Bitt1es, 1994). 
In societies with a long tradition of consanguinity, the cumulative value for (F) 
would be expected to greatly exceed the value calculated for a single generation, thereby 
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underestimating the true level of homozygosity in the population gene pool (Bittles, 
1994). 
Jorde (1991) has described a method of estimating the cumulative effects of 
inbreeding, calculated by multiplying the inbreeding coefficient for the individual by the 
term (I +fA), thus: 
F = I(V.)"(I +fA) 
where; 
11 is the number of individuals in the path connecting the parents of 
the individual (including the parent themselves) 
I 1s the summation of each path that goes through a common 
ancestor 
/,\ is the ancestors' own coefficient of inbreeding (Jorde, 1991 ). 
Where a population has been strictly endogamous, the inbreeding level may be 
underestimated, as remote inbreeding (matings between individuals more distantly 
related than third cousins) are quite likely to occur. In communities generally 
considered outbred, remote inbreeding can affect the general level of inbreeding more 
than matings of second cousins or closer, as they can occur with greater regularity 
(Jorde, 1991). 
In the Sankethi population the cumulative coefficient of inbreeding could not be 
estimated from the information obtained in the pedigrees, as full details of the lineages 
were not available, and not all individuals in the pedigrees elected to participate in the 
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research. However, as information relating to the length of separation from the main 
Sankethi community, the approximate size of the original population and its beliefs 
regarding consanguinity and endogamy were known, it was assumed that the population 
would display a marked increase in homozygosity by comparison with outbred 
populations. 
1.6 Microsatcllitc anab·sis 
Polymorphisms in DNA sequences occurring within both exons and introns have 
made possible family studies for tracking genes for medical disorders, and also 
permitted the development of genetic characterisations of populations. The more 
polymorphic the site, the more useful that site can be in genetic studies. When a site is 
highly polymorphic, it increases the chance that a person is carrying two alternative 
DNA sequences, thus permitting the accurate marking of the two alternative 
chromosomes (Edwards el a/., 1991 ). 
In the human genome, variable repeat numbers of the same short DNA sequence 
provide sites where there is extensive variation. These are termed tandem-repeat 
sequences, and they are extensively distributed throughout all the chromosomes. The 
variations arise when the sequences are replicated during cell division, and errors occur 
sufficiently frequently to make polymorphisms common, however the rate of change is 
such that the size of the DNA at the polymorphic site is inherited as a stable trait in 
families. Loci with greater numbers of repeats are more likely to be polymorphic 
(Edwards el a/., 1991; Weber, 1990; Wu and Tanksley., 1993). and both Southern 
blotting and polymerase chain reaction techniques can be used to measure the length of 
the DNA sequence at the polymorphic site (Housman, I 995). 
17 
Microsatellites are short tandem repeats (STRs) of less than I 00 base pairs (bp), 
consisting of motifs from 1-6 bp that can occur as an uninterrupted repetition, or with 
another repeat type. Microsatellites are more amenable to PCR analysis than the larger 
variable number of sequence tandem repeats (VNTRs). It had been hoped that VNTR 
loci would provide useful anchor points for genetic linkage mapping and assist in the 
mapping of genetic disease loci, due to the high frequency of heterozygosity attributed 
to them (Nakamura et a!., 1987) However, microsatellites appear to be more evenly 
dispersed through the human genome (Weber, 1990) than hypervariable minisatellites 
(VNTRs), which cluster at the distal ends of human chromosomes (Royle e/ a/., 1988) 
and have a low frequency (Armour e/ a/., 1990; Devlin, el a/., 1990). 
VNTRs are also of limited use in mapping because of their inability to determine 
alleles precisely using Southern hybridisation-based detection. On average, (CA)n 
microsatellite repeats occur approximately every 30kbp (Hamada et a!., 1982; Litt and 
Luty, 1989; Williamson el a/., 1990; Stallings et a/., 1991; Beckman and Weber, 1992), 
distributed through 5'- and 3'- untranslated regions and introns, and they are the most 
commonly used type of microsatellite (Hearne et a!., 1992). On examination of all 
human DNA sequences within GenBank, version 54, a total of 59 (CA)n repeat 
sequences were found (Weber and May, 1989; Weber, 1990). All were highly 
polymorphic in length and most were located within introns or between genes, with only 
two found within protein-coding regions (Weber and May, 1989). Tri· and 
tetranucleotide rnicrosatellites occur every 300-500 kbp on the human X chromosome, 
and they are easier to type than dinucleotide microsatellites (Edwards et al., 1991; 
Serikawa et a!., 1992), as dinucleotide repeat microsatellite size variation between 
alleles can be small (Love el a/., 1990). 
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Tri- and tetranucleotide microsatellites offer precise allele sizing and the ability 
to easily distinguish between real and apparent homozygotes (Edwards et al., 1991; 
Hearne et al., 1992), however tetranucleotides have a mutation rate four times higher 
than dinucleotide microsatellites (Weber and Wong, 1993; Morell et a/., 1995), 
indicating that mutation may interfere with the infonnativity of the microsatellite. 
Microsatellites maps, largely based on dinucleotide markers, have been 
developed spanning approximately 90% of the human genome with heterozygosity 
levels in excess of 0. 70 (Weissenbach et a/., 1992) indicating a high level of 
informativity. 
1.6.1 Mutation rates of microsatellites 
The mutation rate of dinucleotide microsatellites was estimated by Hearne et a[, 
(1992) to be between 5 x 104 and I 0 '5• which is considered sufficiently low to enable 
their use in linkage stlldies, as probes for linkage disequilibrium with disease mutations 
in population association studies, and in forensic applications (Dietrich el a[., 1992; 
Kwiatkawski eta/., 1992). 
1.6.2 Detection of microsatcllitcs 
Fluorescent labelling of PCR primers allows alleles to be distinguished by the 
specific wavelengths emitted by the fluorescent dyes attached to the laser-illuminated 
DNA fragments, and the alleles separated according to size by electrophoresis within a 
polymer gel. Computer analysis of the output from the scanning laser enables the 
different primer products to be distinguished and, with the addition of a fluorescent size 
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standard in each sample, specific allele sizes can be accurately and consistently 
detennined (Hearne eta/., 1992). 
To overcome problems in distinguishing homozygotes from heterozygotes 
differing by only two base pairs, fluorescent labelling and automated fragment detection 
and sizing offer greater accuracy than autoradiographic techniques, due to the enhanced 
linear range of signal intensity of fluorescent data. Artifact peaks can sometimes occur 
when using microsatellites, such as those due to polymerase skipping, caused by the 
deletion of dinucleotides within the core of the microsatellite repeat. Fluorescent 
labelling can overcome this problem as the signal intensities of major and artifact peaks 
differ substantially in magnitude, therefore making them easy to distinguish (Ziegle et 
a/., 1992). 
PCR offers lower cost, greater sensitivity and increased speed over Southern 
technology for genotyping. The amplification of VNTRs with PCR enables more 
precise allele detenninations (Boerwinkle et a/., 1989, Jeffreys et a/., 1988, 1990), 
however the large size of the products makes them less suitable for general application 
than microsatellites with amplification products of 1 00-500bp. The small size of 
microsatellites permits their use in multiplex PCR, where two or more loci are amplified 
in one reaction using a single DNA sample (Chamberlain et a/., 1988). Multiplex PCR 
is both cost- and time-effective, and it facilitates multiplex genotyping with the 
additional inclusion of internal size standards, enabling the unambiguous scoring of 
alleles (Edwards eta/., 1992). 
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1.6.3 Uses of microsatellites 
Microsatellites have been utilised in the construction of genetic linkage maps, 
the extension of existing genetic linkage maps, linkage analysis of disease in pest 
resistance genes, the location of human disease genes (Wilkie et a/., 1992), and 
population genetics (Zhao and Kocher!, 1993). 
I. 7 Homozygosity mapping 
It has been recognised that rare recessive traits appear in the children of 
consanguineous marriages more often than in the general population. The appearance of 
these traits in inbred children usually is due to homozygosity by descent, via a single 
diseaseRcausing allele inherited from a recent ancestor common to both parents. This 
observation has provided a powerful tool for the mapping of genes responsible for rare 
recessive disorders. Homozygosity mapping (Smith, 1953; Lander and Botstein, 1987) 
involves locating a gene causing a rare recessive trait, by using multipoint linkage 
analysis to find regions of homozygosity by descent shared by inbred affected 
individuals. The method has proved very successful, as the numbers of affected 
individuals required to perform the analysis is small and the individuals need not 
necessarily be related (Kruglyak el a/., 1995). 
Since these rare recessive diseases are more commonly expressed in the children 
of consanguineous unions, where the two recessive disease gene copies have been 
inherited from a common ancestor, it has also been realised that there is a greater 
probability genetic markers near the responsible locus will also be homozygous by 
descent. By using polymorphic markers to detect areas of the genome where offspring 
carrying the genetic disorder are homozygous, "homozygosity maps" can be 
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constructed, thus facilitating the procedure of localising the disease gene locus (Pollak 
et a/., 1993; Houwen et al., 1994). Localisation of the gene for alkaptonuria to 
chromosome 3q2 was, for example, performed using this technique, and the recent 
enhancement of the human genome map to include highly polymorphic STR loci has 
increased the feasibility of homozygosity mapping for rare recessive disorders (Pollak et 
a/., 1993). Microsatellite maps will indicate sites where the gene of interest is within 
close distance, which in tum will provide starting points for localisation of the gene by 
in situ hybridisation or by somatic cell hybridisation (Beckmann and Soller, 1990). 
1.8 Natural Selection and the maintenance of heterozygosity 
Several investigations into the effects of inbreeding on heterozygosity and 
reproductive fitness using animal models have been reported. These studies have 
manipulated the breeding of the animals involved, greatly increasing the degree of 
inbreeding taking place. Heterozygosity is expected to decline in direct proportion to 
the inbreeding coefficient, where the expectation for heterozygosity is 2pq (1-F). This 
prediction asst1rnes no mutation, gene flow or selection, whereas in actual populations 
genes may be affected by selection, or may be linked to other genes under selection. It 
was demonstrated theoretically that natural selection favouring heterozygotes could 
slow the decline in heterozygosity under inbreeding (Hayman and Mather, 1953). 
An investigation by Rumball et al. (1994) into the effects of inbreeding on 
heterozygosity and reproductive fitness in Drosophila melanoguster populations 
demonstrated a slower than predicted progression towards homozygosity. Their study 
involved full-sib and double first-cousin inbreeding of the Drosophila melanogaster 
populations for up to 18 generations. Five or six polymorphic enzyme loci which, as 
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expressed genes, are subject to natural selection processes, were studied for each parent 
pair. Progeny numbers per pair were noted, with significant reductions in progeny 
observed, to the point of extinction of some lines. These observed phenomena were 
defined as the expression of inbreeding depression (Falconer, 1989). Heterozygosity 
declined at a slower rate than predicted by inbreeding theory, at approximately 80% of 
that expected, which was attributed to natural selection and associative overdominance 
developed during inbreeding (Rumball el al., 1994). 
A study by Mina el a/. (1991) into heterozygosity at protein loci in inbred and 
outbred lines of chickens observed that heterozygosity in the inbred lines markedly 
exceeded the expectations under inbreeding theory. The authors attributed this finding 
to natural selection operating through associative overdominance favouring 
heterozygosity. It was suggested that heterozygosity would be expected to be higher at 
loci subject to heterozygote advantage than at neutral loci (Mina era/., 1991). Fincham 
(1975) observed that the frequent occurrence of enzyme polymorphisms may be in part 
due to heterozygous advantage, with a selective advantage conferred by co-dominant 
alleles. 
In a study on captive wild house mice, heterozygosity was again maintained in 
four out of five inbred lines (Connor and Bellucci, 1979). In each of these preceding 
observations the investigators were examining classical markers from expressed 
genomic sequences. As such, it is reasonable to assume that some form of natural 
selection has persisted and promoted heterozygote advantage. However, in the data 
currently presented, microsatellite markers located in random parts of specific 
autosomes were used, with the assumption that they were mostly within introns and 
were neutral in effect. As microsatellite markers are used in linkage analysis (Ott, 
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1992b), it would be assumed that some of the markers chosen for this study may be 
influenced by selection for genes that are proximally located. However, for the majority 
of markers, it is assumed that natural selection based on heterozygote advantage would 
not be influencing the level of homozygosity. 
1.9 Investigations fn comparable human populations 
An investigation was conducted on 46 individuals from the village of Bengkala, 
Bali, where the population of approximately 2200 had a history suggesting genetic 
bottlenecks (Morell eta/., 1995). Fifty-three short tandem repeat (STR) markers located 
throughout the genome were examined, and the allele frequency distributions compared 
with distributions obtained from the CEPH data base. It was found that 28 of the 53 
markers showed differences in their distribution patterns, significant at P<0.05. 
The authors observed an excess of homozygosity, consistent with expectations 
of a small isolated population, and deviations from HardyMWeinberg equilibrium at 7 
loci. However, they noted that the reduction in observed heterozygosity levels could be 
due to the presence of null alleles in the population, with misassignment of individuals 
heterozygous for the nuii aiiele (Caiien eta/., 1993) as homozygous for the detectable 
aiiele (Moreii eta/., 1995). 
Regional variation was found in the genetic constitution and genetic 
differentiation of three tribal populations (Koya, Lambadi, and Chenchu) under study in 
Andhra Pradesh, South India. These data were examined from 27 polymorphic loci, 
including 9 blood groups, 13 red cell enzymes, and 5 serum proteins. The authors found 
significant heterogeneity among the three tribal groups at several of the loci analysed. 
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An overall excess of heterozygosity existed which was ascribed to the gene 
differentiation among the three tribes (Papiha et al., 1997). 
A study in the United Arab Emirates was undertaken to determine whether 
consanguineous marriages resulted in reproductive wastage and increased morbidity of 
offspring in a community with a long history of inbreeding. A representative sample of 
2200 women aged > or= 15 years from both city and traditional regions, were studied. 
The method of information collection involved a detailed questionnaire on age, parity, 
gravidity, number of stillbirths, number of abortions, number of children alive, neonatal 
deaths and specific illnesses in children. The rate of consanguineous marriage within 
the subject group was 50.5% and parity, gravidity, ages and number of children were 
similar in consanguineous and non-consanguineous groups. It was found that there was 
significantly higher reproductive wastage in consanguineous couples compared to non-
consanguineous couples (Abdulrazzaq eta/., 1997). 
1.10 Early Fetal Losses and the Human Leucocyte Antigen (HLA) region 
Approximately 15% of pregnancies recognised by a missed menstrual period are 
presumed to end in miscarriage. Some 50% of pregnancies detected through hormone 
assay at earlier stages have been found to spontaneously terminate. It is speculated that 
in studies conducted in the U.K. and U.S.A., some 78% - 80% of conceptuses are 
spontaneously aborted prior to clinical recognition of pregnancy (Roberts and Lowe, 
1975, Diamond, 1987; Wilcox eta/., 1988; Gill, 1992). 
Approximately 50% of spontaneous abortions are caused by chromosomal 
abnormalitit:s, with some attributed to blood-group incompatibility, however the large 
number of residual pregnancy losses are unexplained (Diamond, 1987). This very high 
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rate of early spontaneous abortion indicates that some monitoring mechanism operates 
to eliminate potentially defective conceptuses without deterring greatly from the fertility 
of the woman. 
One hypothesis developed to account for this high level of abortion was to 
examine the sharing of maternal and paternal HLA antigens. The hypothesis involves 
the immunological response of the mother to the conceptus after implantation, 
suggesting that if there is a substantial allele sharing in the HLA region, a weak 
response is mounted and an appropriate fetal defence prompting a protective immune 
reaction from the mother is not induced, thereby allowing the body to resorb or reject 
the conceptus (Schwarzenau, 1990). 
A study involving 26 couples with a history of multiple, consecutive, 
spontaneous abortions was conducted by Beer el a/. (1981). They found that women 
with recurrent abortions of unknown etiology had a significantly increased frequency of 
sharing HLA antigens with their spouses. However Oksenberg (1984) was unable to 
find any increased incidence of antigen sharing between couples with multiple abortions 
and fertile couples. He proposed that discrepancies between his results and those of 
other investigators may be attributed to the criteria for patient selection. 
In a study by Verrell and McCabe (1990), it was suggested that the sharing of 
major histocompatibility complex (MHC) antigens would result in deleterious effects to 
the offspring only if combined with the sharing of identical deleterious recessive alleles 
due to common descent, as could result from inbreeding. As reported by Schwarzenau 
(1990), couples with a history of repeated abortions have an incidence of antigen 
sharing of7-19% higher than in fertile couples, however as loci in the HLA regions are 
highly polymorphic, unrelated individuals rarely share HLA haplotypes. 
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Gill (1992) suggested that rather than HLA sharing in couples experiencing 
recurrent fetal losses, antigen sharing could be a marker for the sharing of HLA-Iinked 
genetic defects, in tbe form of either recessive lethal genes or the deletions of genes 
necessary for fetal development. Gill supported his hypothesis by citing the previous 
experimental results of Kunz eta/. (1980). In strains of rats with a deletion (grc-) in the 
MHC-linked growth and reproduction complex, phenotypic characteristics indicating 
developmental defects were observed, such as small body size, male sterility and 
reduced female fertility, and with perinatal losses of approximately 25%, and increased 
susceptibility to cancer (Gill, 1992). 
An investigation into the association between l-ILA sharing and recurrent 
spontaneous abortion in 123 couples was conducted by Jin et a/. (1995). The 
investigators found that there was a significant excess of HLA-DR sharing in couples 
with recurrent spontaneous abortion, and significant excess of HLA-DQ sharing in 
couples failing treatment by in vitro fertilisation (IVF). However, in a study by 
Wagenknecht et a!. 1997 investigating the relevance of HLA-DQ mismatching in 
normal reproducing couples compared to couples experiencing repeated spontaneous 
abortions, it was found that HLA-DQ incompatibility did not differ among these couples 
compared with successfully reproducing couples. Jin et a/. (1995) proposed that their 
findings indicated th<Jt genes located within the class II region of the MHC affect 
reproduction, and suggested that the sharing of HLA antigens alone is not the 
mechanism involved in reproductive failure. As the segment of the MHC relating to 
reproduction also has genes associated with different autoimmune diseases, a 
relationship may exist between reproductive defects and autoimmune disease (Jin et al., 
1995). 
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In a study investigating HLA sharing and maternal onset of Rheumatoid arthritis 
(RA) (Brennan, 1997), a relationship was detected between the sharing of HLA DR 
antigens and the reporting of at least one miscarriage prior to the onset of RA. Brennan 
(1997) supports the hypothesis by Gill (1992) that the observed sharing of HLA regions 
may represent an indication of sharing of other closely linked susceptibility genes 
(Brennan, 1997). 
These findings indicate that a relationship may exist between the genetic 
similarity of the parents and habitual abortion, however there is inconclusive evidence 
to associate the increase in habitual abortion with the HLA region alone. The studies 
investigating the relationship of autoimmune diseases and HLA regions propose an 
involvement of developmental genes in the incidence of unexplained spontaneous 
abortion (Gill, 1992; Brennan, 1997). 
1.11 Summary 
Consanguineous marriages are contracted in many human societies, and in some 
regions marriages between close biological relatives account for more than 50% of all 
unions. Consanguinity within South India is popularly preferred for religious and social 
reasons, and the caste system in South India further positively influences endogamous 
unions within the population. The Sankethi are a highly endogamous Brahmin 
community, with relatively reliable information regarding the length of isolation, and 
preferred consanguineous unions. Statistical estimates indicate that high rates of 
homozygosity should be expected in communities in which consanguinity is strongly 
favoured. 
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Microsatellites are short tandem repeat sequences (STRs) formed due to errors at 
replication during cell division, and they have the advantage of being stable while 
sufficiently polymorphic to be observable as inherited traits. Polymerase chain reaction 
(PCR) using fluorescent dyes and laser detection of alleles allows efficient and accurate 
genotyping of individuals. Microsatellites are not believed to be subject to selection, as 
they are located in non-coding regions of the genome. Therefore analysis of the genome 
using microsatellite markers enables the level of homozygosity observed within an 
inbred community to be determined, and this value can then be compared with 
calculated levels of homozygosity due to the combined effects of allozygosity and 
autozygosity. 
Previous animal studies within artificially manipulated inbreeding groups have 
indicated that progression towards homozygosity is slower than statistically predicted. 
It has been established that approximately 80% of conceptions result in spontaneous 
abortion, of which up to 50% are unexplained. Studies into HLA sharing between 
couples where recurrent spontaneous abortion is evident suggest that there may be an 
association with development genes. 
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1.12 Research Aims 
The defined aims of the project were to: 
1. Determine the specific allele profiles of selected individuals within the Sankethi 
community, using dinucleotide microsatellite markers on chromosomes 15, 16, 
17 and 18. 
2. Determine the levels of homozygosity across several chromosomes, specifically 
chromosomes 15, 16, 17 and 18, by comparison with reported levels of 
homozygosity in reference (CEPH) populations. 
3. Calculate the expected levels of homozygosity lbr each of the microsatellite loci 
used on the basis of observed allele frequencies, and compare :hese data with the 
observed level of homozygosity. 
4. Determine and compare the Polymorphic Information Content (PIC) for the 
Sankethi and reference (CEPI-1) populations at each microsatellite locus. 
5. Develop a genetic characterisation of the community, based on chromosomes 15, 
16,17andl8. 
6. Consider the hypothesis that there may be a reduced level of tolerance to 
homozygosity in certain regions of the genome, more specifically at loci 
occupied by genes involved in early prenatal development. 
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2. Subjects and Methods 
2.1 Subjects 
The subjects for the study were two families from a Hindu Brahmin group, the 
Sankethi, resident in the state of Kamataka, India. Each family had four generations 
participating in the study with a total of 15 individuals from family A, and 27 
individuals from family B. The two families were further subdivided into nuclear 
family groups, comprising 7 units for family A, and 9 for family B. Family A had one 
first cousin union and one second cousin union in generation II, and three second cousin 
unions in generation III (Figures 2.1.1, 2.1.2). Family B had one first cousin union in 
generation II and one second cousin union in generation III (Figure 2.1.3). 
Finger prick blood samples collected on to filter paper, and detailed pedigree 
information was obtained from the subjects by Professors Appaji Rao and Savithri 
(Indian Institute of Science, Bangalore) and Pmfessor Alan Bittles (Edith Cowan 
University). The blood samples and pedigree information were forwarded to Edith 
Cowan University for DNA extraction and analysis. 
2.2 DNA Isolation 
2.2.1 PhcnoUchloroform procedure 
DNA isolation was performed using a phenol/chloroform technique (Appendix 
5.1). The blood spot was cut from the filter paper, quartered, and placed in a 1.5 ml 
microtube with 250 ~I 0.1% Triton X-1 00 and 15 ~I 100 mg/ml proteinase K. The 
sample was vortexed for 1 minute before incubation on a heating block at 50°C for 30 
minutes. Vortexing for I minute and incubation for a further 30 minutes at 50°C was 
performed. At the completion of the second incubation period, 25 ~I I Ox SET Buffer 
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(500 mM Tris pH8, SO mM EDTA, 5% SDS) was added to the sample and mixed. 500 
~I I :I chloroform/phenol was then added and mixed by inversion for I minute. The 
sample was centrifuged at 13,000 rpm for I 0 minutes, and the upper liquid phase 
removed to a fresh microtube with waste paper materials excluded. 25)ll of 3M Na 
acetate pH 4.9 was added and mixed by inversion before adding 250 ~I I 00% isopropyl 
alcohol and again mixing by inversion. The sample was then stored at -20°C overnight 
before proceeding with the isolation. 
The next day, the sample was centrifuged at 13,000 rpm for 15 minutes at room 
temperature. The DNA pellet was then visible at the base of the tube. The supernatant 
isopropyl alcohol was discarded and the pellet washed once with 500 ~I 70% ethanol by 
gently inverting the tube twice. The sample was centrifuged at 13,000 rpm for a further 
10 minutes at room temperature. The supernatant ethanol was discarded and the tube 
inverted on to clean tissue to allow the pellet to air dry. The pellet was then 
resuspended in 50 1-11 distilled water and stored at -20°C. 
2.2.2 Purification of samples using QIAamp Blood Kit 
Due to the degradation of DNA stock samples stored at -20°C, purification using 
DNA purification spin columns was attempted to obtain amplifiable DNA. The 
protocols for this procedure are available in the Q!Aamp Blood Kit Handbook (Qiagen, 
1996). In brief, approximately 100~1 of the partially degraded DNA sample was placed 
into a l.Sml microfuge tube. The sample was then made up to 200~1 with dH20 
solution. 25~1 of QIAGEN Proteinase K and 200~1 Buffer AL (supplied with QIAamp 
Blood Kit) was added and mixed by vortexing for I 5 seconds. The sample was 
incubated at 70° C for 10 minutes. 210~1 of ethanol (96%-100%) was added to the 
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sample and mixed by vortexing. The QIAamp spin column was placed in a 2 ml 
collection tube, and the DNA solution added to the column. The spin column was then 
centrifuged at 6000 rpm for 1 minute. The QIAamp spin column was next placed in a 
clean 2ml collection tube, and the tube containing the filtrate was discarded. SOOJ.!l of 
Buffer A W (supplied with QtAamp Blood Kit) was added to the spin column and again 
centrifuged at 6000 rpm for I minute. The QIAamp spin column was placed in a clean 
2ml collection tube, and the tube containing the filtrate was discarded. 500fll of Buffer 
AW (supplied with Q!Aamp Blood kit) was added to the spin column and again 
centrifuged at 13000 rpm for 3 minutes to remove all traces of Buffer from the spin 
column. The QIAamp spin column was placed in a clean 2ml collection tube and the 
tube containing the filtrate was discarded. The QIAamp spin column was opened and 
the DNA eluted with I OOfll of I% Buffer AE supplied with the Q!Aamp Blood Kit 
(Qiagen, 1996). 
2.2.3 Measurement of DNA concentration via spectrophotometry 
When the DNA extraction had been completed, the samples were analysed by 
spectrophotometry. This entailed measuring a 20-fold dilution of the DNA on a 
® . 
Beckman DU 640 UV spectrophotometer at wavelengths of 260nm and 280mn, to 
establish DNA concentration and relative purity. The spectrophotometer was blanked at 
the 260nm and 280mn wavelengths using the dH20 employed in the dilution of the 
DNA pellets. It was found that each blood spot yielded between 15 flglml and 544 
flg/ml of DNA (Table 2.1), with an average concentration of 141 flglml and an average 
purity of 1.59. Working solutions were prepared from these DNA samples by dilution 
to approximately 5 Jlg/ml for individual amplification of microsatellites, and to 
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approximately SO~glml for multiplex amplification. The remaining stock DNA samples 
were stored at -20°C and the blood spots stored at -80°C. 
TABLE 2.1 DNA concentrations measured by spectrophotometry 
Sample Concentration Sample Concentration Sample Concentration 
No. pg/ml No. pg/ml No. pglml 
Al 18.6 B21 156.0 B39 72.0 
A2 46.0 B22 164.0 B44 384.0 
A3 34.2 B23 96.0 B45 326.0 
A4 43.1 B25 192.0 B48 130.0 
AS 53.9 B26 232.0 B49 162.0 
A6 48.4 B27 94.0 B51 228.0 
A8 76.4 B28 86.0 B52 58.0 
A9 15.0 B30 58.0 B53 220.0 
All 47.0 B31 60.0 B55 246.0 
Al2 30.8 B32 214.0 B56 48.0 
Al3 22.2 B33 292.0 B57 52.0 
Al4 26.7 B34 544.0 B58 148.0 
Al5 48.6 B36 304.0 
Al6 21.2 B37 542.0 
Al7 58.8 B38 250.0 
2.2.4 Evaluation of DNA Samples 
The DNA samples were examined for amplification suitability, evaluating the 
purity and quality of the DNA, determining any DNA shearing or cuntamination due to 
the extraction procedure, by electrophoresis on an agarose gel (Figure 2.4). This 
assessment was controlled using a Hpa II cut pUC 19 standard. Clear bands within the 
range of the pUC 19 standard indicated DNA suitable for amplification. 
The DNA samples were amplified using PCR against a microsatellite marker 
(D8S 529) previously tested for observable amplification. A 2% agarose gel (Figure 
2.4) was prepared according to Sambrook et a/. (1989), with 2 g of low melting 
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Figure 2.4 Aga rose Test Gel 
244, 249, 236, Al, A9, A14, A16, A17, STD 
Al, A2, A3, A4, AS, A6, A8, A9, All, A12, A13, A14, A15, A16, A17 
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point, ultra-pure DNA grade agarose [Sigma Molecular Biology] mixed with lOOm! of 
lx TAE buffer [0.04M Tris-acetate; O.OOIM EDTA] and heated until the agarose was 
completely dissolved. 
The gel mixture was poured on to an 80 ml mini-gel tray, a small toothed comb 
was inserted at the top (and mid sections when required) of the gel, and the gel was 
allowed to set for approximately 20 minutes. The well combs were removed and the 
PCR products mixed with I ~I Fico II loading buffer (0.25% bromophenol blue; 0.25% 
xylene cyanol FF; 15% Ficoll [Type 400; Pharmacia] in water) and loaded into the 
agarose gel. DNA of known concentration and purity (Sample 244, 3.0 ~g/ml) was also 
subjected to PCR using the same microsatellite marker and loaded into the gel as a 
control for the amplification procedure. The gel was submerged in I x TAE solution and 
electrophoresed at 70 volts for a period of 40 minutes. The agarose gel was stained with 
5~1 of ethidium bromide [Sigma Molecular Biology] in approximately 250m! of I x 
TAE buffer (with due precautions taken in regard to the chemical hazard involved in use 
of ethidium bromide), and viewed with protective shielding under UV light on a Hoefer 
Mighty Bright ultraviolet transilluminator. The gel was photographed with a Polaroid 
camera using 667 Polaroid lnstamatic film and Kodak gelatin filter (1531.1150) 
(Sambrook eta/., 1989). 
2.3 Microsatellite amplification 
Each DNA sample was analysed by microsatellite amplification using ABI 
f111orescent markers (Appendix 5.4) on chromosomes 15, 16, 17 and 18. PCR 
techniques were used to amplify both individual microsatellite markers and multiplexed 
microsatellite markers using a Perkin Elmer 96 well thermocycler. 
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2.3.1 Individual amplification of microsatellitcs 
For individual microsatellite amplifications, each microsatellite forward and 
reverse primer supplied by ABI was mixed at a ratio of I: 1, prior to incorporation into 
the final solution for PCR. A Sx buffer was prepared (Appendix 5.2.1), composed of 
commercially supplied 1 Ox buffer, magnesium chloride ( l.SmM ~ 2.5 mM depending on 
primer), dNTPs (N~ A, T, G, C) and distilled H20. A master mix was prepared from 
the Sx buffer, microsatellite primer mix, Taq DNA polymerase (Amplitaq® DNA 
Polymerase with GeneAmp® Perkin Elmer/ABI) and H20 to make up to 3Jll per 
reaction. 2Jll of the target SJ.lg/ml DNA was then added to make.a final volume of SJ.ll. 
Individual microsatellite amplification protocols are listed in Appendix 5.2.1. 
2.3.2 Multiplex amplification of microsatcllites 
Multiplex amplification of microsatellites increases the output of results by 
reducing the number of individual amplifications that are required. Multiplexing also 
reduces the amount of DNA and other reagents required, and so reduces the costs 
associated with the individual amplification of microsatcllites. In this study, up to 6 
microsatellites were amplified in one reaction (Appendices 5.3.2 and 5.3.3). Each 
individual multiplex reaction was optimised by increasing or decreasing the amount of 
forward and reverse primers required to give consistent and clear results. 
A higher concentration of magnesium chloride was required as the markers used 
were optimised for a concentration of 1.5mM to 2.5mM, therefore the multiplex PCR 
required the maximum concentration of magnesium chloride in order to cater for all 
primers. A high level of magnesium chloride may cause mispriming, producing high 
background interference, or artifact bands. To counter the effect of the magnesium 
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chloride levels required for multiplex amplifications, Amplitaq GOLDTM taq 
polymerase was used which required a longer PCR start time at 94°C. This longer start 
time effectively reduced non-specific background interference caused by mispriming, by 
preventing annealing of primers until the enzyme had become active. Amplitaq 
GOLDTM also continues to activate during the PCR reaction, maintaining the level of 
enzyme activity throughout the reaction. This ensures the highest possible yield by 
preventing enzyme degradation becoming a rate-limiting step (Amplitaq GOLDTM DNA 
Polymerase with GeneAmp® Perkin Elmer/ABI). 
For multiplexed microsatellite amplifications, each ABI-supplied microsatellite 
forward and reverse primer was mixed at a ratio of I: 1, as for individual amplifications. 
A PCR buffer solution was prepared (Appendix 5.3.1), composed of Amplitaq 
commercially supplied lOx buffer, magnesium chloride, dNTPs (N~ A, T, G, C), and 
Taq DNA polymerase (Amplitaq GOLD). This buffer solution was then combined with 
the microsatellite primers used for each multiplex reaction, and H20 added to make up 
to a volume of 4.2~1 per reaction. 0.8~1 of the target 50~g/ml DNA was then added to 
make a final volume of 5)ll. 
Multiplex PCR primer protocols were obtained from the Internet (University of 
Chicago, 1997). The protocols were optimised by developing protocols for buffer 
mixes, and adjusting primer concentrations to give a clear and consistent signal for use 
on the equipment in the Centre for Human Genetics (Appendix 5.3.2). Using the basic 
format from these protocols, new multiplex PCR protocols for ABI PRISM™ panels 23 
and 24 were developed and optimised for use on the ABl PRlSMTM 310 Genetic 
Analyzer (Appendix 5.3.3). 
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2.4 Electrophoresis using the ABJ PRISMTM 310 Genetic Analyzer 
The ABI PRISM™ 310 Genetic Analyzer is a laser-induced fluorescence 
capillary electrophoresis system. When fluorescently labeled PCR products are loaded 
into the ABI PRISMTM 310 autosamp1er tray, the ABI PRISMTM automatically loads the 
sample into a polymer-filled capillary for electrophoresis. The fluorescently labelled 
DNA fragments separate according to size as they are electrophoresed through the 
capillary. The samples pass the capillary window, at which the laser excites the 
fluorescent dyes attached to the DNA fragment. These dyes then emit light at a specific 
wavelength according to the dye type, and the light emitted is collected and separated by 
wavelength using a spectrograph. The GeneScan™ collection software stores the light 
intensities as electrical signals for further processing. At the end of the collection time, 
the data are automatically analysed according to the matrix file and size standard that 
has been created for the specific separation and dye chemistry (ABI PRISM™ 310 
User's Manual, 1995). 
2.4.1 GcneScan 500 internal size standard 
The internal size standard used on the ABI PRISM™ 310 Genetic Analyzer 
comprises DNA fragments of known sizes labeled with ABI Prism dyes (Figure 2.5). 
This size standard enables the GeneScan Analysis software to calculate the size of an 
unknown DNA sample fragment, by generating a calibration curve calculated from the 
migration times of the different sized fragments. By using an internal size standard, 
both the size standard and the unknown sample fragment run under the same conditions 
of electrophoresis. This ensures accurate and precise sizing of the sample fragment. 
The standard used in this project was the GeneScan-500 T AMRA labelled 
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oligodeoxynucleotide, with only one strand labelled to ensure accurate migration 
detection (ABI Prism 310 Genetic Analyzer GeneScan Analysis Software User's 
Manual, 1996). 
2.4.2 Allele detection from PCR products using ABI PRISM'M 310 
Genetic Analyzer 
The PCR products were diluted (10 ~1/20 ~I distilled H20 according to dye type 
for individual microsatellite markers, and 5Jll for multiplexed reactions). Multiplexing 
of microsatellite products according to the ABI panel number was performed prior to 
electrophoresis, loading 2j.ll of each PCR product from the appropriate ABI panel into 
one tube per individual (Appendix 5.4). 12 ~I fonnamide loading buffer and 0.04 ~I 
GeneScan Tamra 500 size standard were added to each sample, and the samples 
denatured by heating to 95°C, prior to scanning on the ABl PRlSMTM 310 Genetic 
Analyzer (ABI Prism 310 Genetic Analyzer GeneScan Chemistry Guide, 1995). 
2.4.3 Allele assignment 
The computer program GeneScan was used to collect data, and to identify the 
allele peaks. This information was transferred to the program Genotyper, where the 
results were analysed to establish the levels of homozygosity or heterozygosity at each 
of the microsatellite sites. Each allele was sized according to the gene standard loaded 
prior to electrophoresis. Ambiguous computer-determined allele sizes due to stutter 
bands occurring in dinucleotide repeats and any other electrophoresis artifacts were 
manually corrected. Where the peak could not be manually determined, or was 
insufficiently amplified to enable precise allele calling, the electrophoresis was repeated. 
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In a number of cases both PCR and electrophoresis were repeated. The alleles observed 
were recorded, assigned an allele number, and the infonnation tabulated. This 
information was entered into the pedigree and the computer program Cyrillic2 
(Chapman, 1993-1995) was used to form hap1otypes. The data collected were used to 
record the number of alleles appearing in the families at each microsatellite site, and 
observed allele frequencies calculated. 
2.4.4 Automated hap1otyping 
Once the genotype data had been collected the results were entered into the 
pedigree drawing program Cyrillic2 (Chapman, 1993-1995). Haplotypes were produced 
for each individual by examination of the individual's genotype, and assigned according 
to the genotype of the parents. If the marker could not be assigned a haplotype, it 
indicated that the marker was not informative for that individual and the symbol "?" was 
placed on either side of the individual's genotype (Chapman, 1993-1995). 
2.5 Statistical analysis 
A reliable estimate of the average heterozygosity in the genome can be obtained 
for a small number of individuals (fewer than 50) from approximately 50 loci (Nei, 
1978). On this basis, it was assumed that by analysing the 42 Sankethi participants at 
49 loci, accurate and reliable data on the average level of heterozygosity in the 
population could be calculated. The data from the Genotyper program and Cyrillic2 
(Chapman, 1993-1995) were subsequently entered into the spreadsheet package 
Microsoft® Excel, where the desired statistical calculations could be performed. 
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2.5.1 Hardy-Weinberg equilibrium 
Hardy-Weinberg (H-W) equilibrium genotype frequency expectations were 
calculated from the observed gene frequencies, and x2 tests were used to compare the 
observed and expected numbers (Li, 1955). 
2.5.2 Allele frequencies 
Allele frequencies were determined by division of the observed number of 
individuals expressing a particular allele by the total number of alleles observed for the 
locus. The allele frequencies were used to calculale expected heterozygosity, expected 
homozygosity, and the PIC values for each locus. 
Allele frequency 
2.5.3 Homozygosity 
= 
no. observed for allele (x) 
total no. of alleles at loci (x) 
Observed homozygosity was calculated by dividing the total number of 
homozygotes by the total number of individuals. 
Homozygosity = 
total number ofhomozvgotcs 
total no. of individuals 
In the present study, homozygosity rather than heterozygosity was used routinely 
for assessment purposes, as homozygosity is expected to increase in an inbreeding 
population. Expected homozygosity and heterozygosity were determined using the 
formulae: 
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Calculation of heterozygosity: 
Heterozygosity = 
Calculation of homozygosity: 
Homozygosity = 
2.5.4 Polymorphic Information Content 
Polymorphic Information Content (PIC) IS a measure of the degree of 
polymorphism at a locus (Botstein et a!. 1980). It was derived as a means of tracing a 
rare dominant disease allele, by determining the probability that the marker genotype of 
a given offspring would allow deduction of which of the two marker alleles of the 
affected parent the progeny had received. When compared to calculated heterozygosity, 
the PIC will normally be smaller in value. However, where large numbers of alleles are 
seen, heterozygosity and PIC tend to become comparable in value (Ott, 1992a). CA-
repeat polymorphisms tend to have high informativity, with most loci in common use 
having PIC values of>O. 70 (Ott, 1992b; Weissenbach eta/., 1992; Perlin eta/., 1994). 
The PIC of a marker is calculated from the allele frequencies in the population 
and it is related to mean repeat length (Weber and May, 1989). The PIC values provide 
a useful index of inforrnativity for genetic mapping (Hearne et a!., 1992). 
" PIC=l ('[.p,') 
i=l 
Il-l 
'i. 
l=l 
n 
2 2 
'i. 2p, P1 
j=/+1 
where Pi and Pj are the population frequencies of the ith andjth alleles 
(Hearne eta/., 1992). 
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2.5.5 Mean effective coefficient of inbreeding 
While a multi-generation coefficient of inbreeding could not be calculated for 
the families in the present study as pedigree infonnation was incomplete, an equation 
calculating the mean effective coefficient of inbreeding from the average heterozygosity 
summed aver all loci was performed (Sing el a/., 1973). 
(F,) = I 
where HT is the observed heterozygosity, and Hu is the expected heterozygosity 
(Sing eta/., !973). 
This calculation was used to give an indication of the effective inbreeding seen 
in the families investigated. This figure would be expected to reflect the endogamy and 
preferential inbreeding integral to the subject group. As such, it would be expected that 
a coefficient of inbreeding in excess of 0 and probably in excess of 0.0625 (predicted in 
progeny from a single first cousin union) should be seen. 
2.5.6 Tests of statistical significance 
2.5.6.1 x' test 
The x2 test is a measure of significance of an observed data set in comparison 
with an expected data set. Where 0 is the observed number in each category and E is 
the expected number, then x2 is given by the square of the difference between 0 and E, 
divided byE, summed over aH the categories tested. This figure is then associated with 
a given value from a x2 table, once the degrees of freedom available are known. The 
degrees of freedom are the number of values that can be randomly assigned while the 
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total is left unchanged. The table then gives an indication of significance, e.g., at the 
0.05 or O.Dllevel of significance (Thompson eta/., 1991). 
2.5.6.2 Paired students t-test 
As the sample size of the population was small, a paired student t-test was 
applied to the data using the spreadsheet package Microsoft Excel®. The paired t-test 
uses the standard error of differences between means of related data to give a reliable 
estimation of the standard deviation of the population. The test requires a larger 
difference in order to establish significance, thus compensating for the distortion that 
may occur from a small sample size (Rowntree, 1981 ). 
The Microsoft Excel® paired two-sample Student !-test is used to determine 
whether means of experimental samples are distinct from predicted or control means. 
This t-test form does not assume that the variances of both populations are equal. The 
paired test can be used when there is a natural pairing of observations in the samples. 
2.6 CEPH population data 
The Centre d'Etude du Polymorphisme Humain (CEPH) is a non-profit research 
institute which acts as a source of DNA samples from a panel of reference families, with 
the aim of determining the genotypes of DNA polymorphisms used in the construction 
of a map of the human genome. CEPH also provides a data base of genotype 
information from this panel. An initial group of 40 families was defined for the CEPH 
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reference panel. The families are Caucasian with a mean sibship of 8.3; no family has 
fewer than 6 offspring, and 23 families have 8 or more offspring. Cellular DNA 
produced from cultured lymphoblastoid ceiiiines are provided to investigators (Dausset 
eta/., 1990). 
Data down-loaded from the CEPH database at the Internet address 
http://www.cephb.fr/cephdbl (Weissenbach et a/., 1992) were used to calculate the 
observed and expected homozygosity, information on allele numbers, and the PIC 
values for the CEPH families. These data were used for comparison with the data 
obtained from the Sankethi. 
2.7 Ethical approval 
Ethical approval for the study was obtained from the appropriate bodies in the 
Indian Institute of Science (liSe) and Edith Cowan University (ECU). Specific approval 
for the study also was granted by the Indian Council of Medical Research (lCMR). 
Extensive meetings were conducted by Professors Bittles and Appaji Rao with the 
leaders of the Sankethi community in Shimoga District and Bangalore during February 
1996. The community are well-informed of the design of the project and fully support 
its protocol and aims. The anonymity of all subjects is maintained via a secure 
numbering system applied to the pedigree. 
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3. Results 
3.1 DNA degradation and amplification of microsatellites 
As a result of degradation of the DNA samples extracted from the blood spots 
received, and the time limitations in obtaining replacement blood samples from families 
participating in the study, specimens from some individuals were unavailable for assay. 
This accounts for the variability of the microsatellite loci results reported for each 
family as only complete data were used for analysis. Data for Family A were not 
available at loci Dl6S515, DI7S945; and for Family 8 at loci Dl5Sl31, DI6S503, 
Dl7S849, Dl7S938, Dl7S808, DI7S784, Dl8S464, Dl8S53, DI8S474, DI8S64, 
Dl8S68. The statistical analysis was corrected accordingly for the variation in numbers. 
3.2 Alleles observed 
Alleles observed in Family A and Family B were compared to alleles reported 
from CEPH population data (Figures 3.1-3.l1). It is evident from these data that over 
95% of all loci analysed had fewer alleles for the subject group than reported in the 
CEPH database. 
Only two of the recorded loci had alleles equal to or in excess of the allele 
numbers reported by CEPH. These loci were: for Family A, locus DISS128, exhibiting 
8 alleles in comparison to 7 alleles reported by CEPH, and Family 8, locus DI6S415 
with 8 observed, whilst CEPH also reported 8 alleles. 
When a l test was performed to compare the observed number of alleles with 
those reported for the equivalent loci in the CEPH data, a significance of P< 0.01 was 
calculated for Family A, chromosome 15 (Figure 3.1 ), P< 0.20 for chromosome 16 
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(Figure 3.2), P< 0.0 I for chromosome 17 (Figure 3.3), and P< 0.01 for chromosome 18 
(Figure 3.4). 
A paired student /-test was used to compare the alleles observed in Family A 
with the alleles reported in the CEPH reference data by locus. Significant differences 
were observed for all chromosomes, specifically, I~ 0.0003 (P<O.Ol) for chromosome 
15,1 ~ 0.0002 (P<0.01) for chromosome 16, I~ 0.0001 (P<O.Ol) for chromosome 17, 
and I~ 0.0003 (P<O.Ol) for chromosome 18. 
Significant differences were observed between Family B and the CEPH data 
across all chromosomes, analysed both by x2 and paired student /-test statistics. x2 
results for Family B were: chromosome 15 (P< 0.05), chromosome 16 ( P< 0.05), 
chromosome 17 (P< 0.01), and chromosome 18 ( P< 0.01). Paired student /-test results 
were: chromosome 15, I ~ 0.0001 (P<O.Ol), chromosome 16, I ~ 0.0003 (P<O.Ol), 
chromosome 17, 1 ~ 0.0004 (P<0.01), and chromosome 18, I~ 0.005 (P<O.Ol). 
The mean difference between alleles reported in the CEPH database and alleles 
observed in the study group differed by chromosome (Figure 3.5). In Family A, the 
differences were greatest for chromosomes 15 and 17 (5.4 and 4.8 respectively), while 
in Family B, the largest difference was observed for chromosome 17 (5.5). 
Across all loci, Family A (236/463) and Family B (201/463) were observed to 
have approximately half the number of alleles reported in the CEPH data. It is 
interesting to note that Family A and Family B differ in the alleles observed between the 
two families. This difference may be due to the small number of individuals examined 
from the families, and therefore may not be representative of all alleles present, or 
alternatively, it could be indicative of possible recent admixture in Family A, due to 
marriage or adoption. 
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3.3 Family A: observed homozygosity vs expected homozygosity and 
CEPH homozygosity. 
In Family A, the level of homozygosity observed at loci on chromosome 15 
(Figure 3.6) was lower than the expected homozygosity at 10 (100%) of the 10 
microsatellite markers, and was lower than homozygosity reported in the CEPH 
reference data at 5 (50%) of the loci. Observed homozygosity was notably low at locus 
D15Sl31 with less than 8% recorded, whereas the calculated expected homozygosity at 
that locus was greater than 40%. Observed homozygosity was greater than 
homozygosity reported by CEPH at 5 loci D15S165, D15S126, D15S153, D15S127, 
and D15S130, exceeding CEPH by 13.9%, 3.9%, 26.8%, 4.1%, 5.5% respectively, and 
approached the calculated homozygosity at loci DI5S165 (1.1% below) and D15S153 
(7.1% below). 
For chromosome 16 (Figure 3.7), observed homozygosity was lower than the 
expected homozygosity calculated at 8 (73%) of the 11 microsatellite markers, and was 
lower than homozygosity reported in the CEPH reference data at 6 (55%) of loci. At 2 
loci on chromosome 16 (D16S405 and D16S503), 0% homozygosity was observed. For 
both of these loci expected homozygosity was calculated to exceed 20%. At loci 
D16S420 and D16S415, observed homozygosity exceeded calculated homozygosity by 
2.5% and 31.3% respectively. At locus D16S415, observed homozygosity was also 
much greater ( 41.5%) than the reported homozygosity for the CEPH population. 
For chromosome 17 (Figure 3.8), observed homozygosity was lower than the 
expected homozygosity at 9 (75%) of the 12 microsatellite markers, and was lower than 
homozygosity reported in the CEPH reference data at 5 (42%) of loci. Interestingly, at 
3 loci on chromosome 17 (D17S849, D17S791 and D17S784) it was found that 
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observed homozygosity exceeded expected homozygosity by I 0.4%, 4.2% and 27% 
respectively. At 7 of the 12 loci, observed homozygosity exceeded homozygosity 
reported by CEPH, however this was partially balanced by the remaining loci, which 
showed homozygosity levels well below the reported homozygosity for the CEPH 
population. 
For chromosome 18 (Figure 3.9), observed homozygosity was lower than 
expected homozygosity at 9 (69%) of 13 microsatellite markers, and was lower than 
homozygosity reported in the CEPH reference data at 5 (38%) of loci. Observed 
homozygosity was higher for 4 loci examined on chromosome 18, specifically D 18S52, 
DI8S474, DI8S64, and D!8S462. As indicated previously, observed homozygosity 
exceeded homozygosity levels in the CEPH data at more than half of the loci, but again 
was partially balanced by the remaining results for chromosome 18. 
The figures show a different pattern for each of the chromosomes investigated 
for Family A, with chromosome 15 showing the least variability between loci, and 
chromosomes 17 and 18 showing marked variability. Tables 3.1-3.4 detail the locus, 
alleles observed, homozygosity observed, homozygosity expected and PIC figures for 
Family A. Tables 3.5 and 3.6 detail by locus, the alleles, homozygosity and PIC values 
for the CEPH reference population data. 
3.3.1 Statistical significance of homozygosity comparisons, Family A 
x! and paired student t-tests were performed on the data for Family A. Observed 
homozygosity was compared to expected homozygosity using ·/, with no significant 
difference (P < 0.95) for each chromosome. Paired student /-tests were used on data 
from chromosome 15 resulting in I ~ 0.0008 (P<O.O I), for chromosome 16, I ~ 0.1346 
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(P<0.15), for ·chromosome 17, t ~ 0.1431 (P<O.l5), and for chromosome 18, t ~ 0.3216 
(P<0.35), indicating significance between observed and expected homozygosity only for 
chromosome 15. Although the difference between observed and expected 
homozygosity were non-significant for chromosomes 16, 17, and 18, the observed 
figures were lower than had originally been predicted. 
In comparing observed homozygosity with CEPH reference data, no significant 
difference (P<0.95) was found for each chromosome using x2 tests. When paired 
student t-tests were applied to the data, no significant difference was indicated for 
chromosome 15, I ~ 0.5115, (P<0.50), chromosome 16, t ~ 0.9949, (P>0.95), 
chromosome 17, I~ 0.2934, (P<0.30), or chromosome 18, I~ 0.0.0924, (P<O.IO). 
3.3.2 Comparison of mean homozygosity, Family A 
The mean observed homozygosity over all loci used in the present study showed 
that Family A was less homozygous than expected across chromosomes 15 (observed 
22%, expected 37%), 16 (observed 20%, expected 28%), 17 (observed 28%, expected 
34%), and 18 (observed 41%, expected 47%). The mean observed homozygosity was 
higher than homozygosity reported for CEPH population data (Figure 3.1 0), 
chromosomes 15 (observed 22%, CEPH 19%), 16 (observed 20%, CEPH 20%), 17 
(observed 28%, CEPH 21 %), and 18 (observed 41%, CEPH 34%). 
Across all four chromosomes, but particularly chromosomes 17 and 18, 
considerable variability was seen in the observed levels of homozygosity at different 
microsatellite loci. Despite this however, as seen in the figures quoted above, mean 
homozygosity was seen to approach mean levels reported by CEPH, with no significant 
60 
difference when a x2 test was applied, whilst mean expected homozygosity exceeded the 
observed level of homozygosity. 
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Table 3.1 Alleles observed, Homozygosity expected, observed and PIC, 
Family A, Chromosome 15 
Marker Alleles Homozygosity Homozygosity PIC 
No. Observed Observed Expected 
0158 128 8 0.133 0.206 0.741 
0158 117 5 0.200 0.391 0.514 
0158 153 5 0.400 0.411 0.512 
0158131 5 0.077 0.402 0.443 
0158 205 8 0.133 0.304 0.615 
0158 127 5 0.200 0.360 0.523 
0158 130 4 0.267 0.358 0.507 
0158 120 4 0.133 0.411 0.468 
0158 165 3 0.429 0.500 0.355 
0158 126 5 0.214 0.355 0.533 
Table 3.2 Alleles observed, Homozygosity expected, observed and PIC, 
Family A, Chromosome 16 
Marker Alleles Homozygosity Homozygosity PIC 
No. Observed Observed Expected 
0168 423 6 0.133 0.224 0.705 
0168 407 5 0.182 0.281 0.613 
0168405 6 0.000 0.224 0.702 
0168 420 7 0.290 0.269 0.662 
0168 401 4 0.133 0.289 0.609 
0168411 5 0.308 0.325 0.557 
0168415 6 0.692 0.379 0.558 
0168 503 5 0.000 0.265 0.644 
0168 516 4 0.200 0.304 0.593 
0168511 9 0.133 0.209 0.743 
0168 520 5 0.133 0.258 0.656 
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Table 3.3 Alleles observed, Homozygosity expected, observed and .PIC, 
Family A, Chromosome 17 
Marker Alleles Homozygosity Homozygosity PIC 
No. Observed Observed Expected 
0178 849 3 0.533 0.429 0.401 
0178 938 8 0.231 0.257 0.680 
0178 799 4 0.133 0.316 0.397 
0178 925 6 0.200 0.271 0.645 
0178 798 4 0.214 0.293 0.600 
0178 791 7 0.231 0.189 0.758 
0178 787 5 0.133 0.304 0.582 
0178 808 5 0.538 0.609 0.348 
0178 949 4 0.214 0.395 0.510 
0178 802 5 0.091 0.302 0.589 
0178 784 4 0.714 0.444 0.442 
0178 928 6 0.071 0.306 0.596 
Table 3.4 Alleles observed, Homozygosity expected, observed and PIC, 
Family A, Chromosome 18 
Marker Alleles Homozygosity Homozygosity PIC 
No. Observed Observed Expected 
0188 59 6 0.143 0.255 0.669 
0188 52 5 0.357 0.334 0.543 
0188 452 5 0.154 0.257 0.655 
0188 464 5 0.380 0.467 0.463 
0188 53 6 0.071 0.227 0.709 
0188 478 3 0.429 0.439 0.369 
0188 57 6 0.133 0.293 0.617 
0188 474 3 0.714 0.594 0.333 
0188 64 4 0.727 0.682 0.285 
0188 68 6 0.111 0.228 0.705 
0188 61 3 0.130 0.362 0.485 
0188 462 4 0.800 0.456 0.455 
0188 70 5 0.267 0.384 0.466 
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Table 3.5 Alleles, Homozygosity and I'IC, CEPH, Chromosomes 15 & 16 
Marker Alleles Homo- PIC Marker Alleles Homo- PIC 
zygosity zygosity 
No. No. 
D15S 128 7 0.212 0.732 D16S 423 10 0.267 0.655 
D15S 117 9 0.225 0.710 D16S 407 10 0.152 0.752 
D15S 153 12 0.132 0.840 D16S 405 9 0.152 0.815 
D15S 131 14 0.159 0.817 D16S 420 8 0.183 0.768 
D15S 205 14 0.159 0.817 D16S 401 8 0.248 0.531 
D15S 127 14 0.159 0.817 D16S411 6 0.216 0.720 
D15S 130 7 0.212 0.732 D16S 415 8 0.277 0.655 
D15S120 8 0.265 0.676 D16S 503 8 0.193 0.755 
D15S 165 10 0.209 0.732 D16S516 7 0.253 0.677 
D15S 126 11 0.175 0.788 D16S 511 17 0.105 0.878 
D16S 520 8 0.162 0.798 
Table 3.6 Alleles, Homozygosity and PIC, CEPH, Chromosomes 17 & 18 
Marker Alleles Homo- PIC Marker Alleles Homo- PIC 
zygosity zygosity 
No. No. 
D17S 849 7 0.212 0.732 D18S 59 10 0.267 0.655 
D17S 938 10 0.209 0.752 D18S 52 10 0.152 0.752 
D17S 799 9 0.225 0.710 D18S 452 9 0.152 0.815 
D17S 925 12 0.132 0.840 D18S 464 8 0.183 0.768 
D17S 798 14 0.159 0.817 D18S 53 8 0.248 0.531 
D17S 791 14 0.159 0.817 D18S 478 6 0.216 0.720 
D17S 787 14 0.159 0.817 D18S 57 8 0.248 0.690 
D17S 808 7 0.212 0.732 D18S 474 6 0.216 0.720 
D17S 949 8 0.265 0.676 D18S 64 8 0.277 0.655 
D17S 802 8 0.265 0.676 D18S 68 8 0.193 0.755 
D17S 784 8 0.265 0.676 D18S61 11 0.198 0.764 
D17S 928 8 0.265 0.676 D18S 462 17 0.105 0.878 
D18S 70 8 0.162 0.798 
1\9 
3.4 Family B: observed homozygosity vs expected homozygosity and 
CEPH homozygosity 
In Family B, the level of homozygosity observed at loci on chromosome 15 
(Figure 3.11) was lower than expected homozygosity at 9 (I 00%) of the 9 microsatellite 
markers, and was lower than homozygosity reported in the CEPH reference data at 5 
(55%) of the loci. Locus Dl5Sl27 recorded an observed homozygosity of 0%. 
Observed homozygosity was greater than homozygosity reported by CEPH at 4 loci; 
Dl5SI28, Dl5Sl65, Dl5Sl26, and Dl5SI20, exceeding CEPH by 13.6%, 0.8%, 8.6%, 
and 3.9% respectively. At locus Dl5Sl28 observed homozygosity (34.8%) approached 
the level of expected homozygosity (35.3%). 
For chromosome 16 (Figure 3.12), observed homozygosity was lower than the 
expected homozygosity at 10 (91%) of the 11 microsatellite markers, and was lower 
than homozygosity reported in the CEPI-1 reference data at 7 (64%) loci. At two loci on 
chromosome 16 (D 16S407 and D 16S511 ), 0% homozygosity was observed. However, 
expected homozygosity was calculated to exceed only 20% and 10% respectively at 
these loci. At locus D 16S420, observed homozygosity exceeded the expected 
homozygosity by 13.5%. At loci DI6S405, Dl6S420, Dl6S401, Dl6S4!!, observed 
homozygosity was greater than the reported homozygosity for the CEPH population. 
For chromosome 17 (Figure 3.13), observed homozygosity was lower than 
expected homozygosity at 8 (89%) of the 9 microsatellite markers, and was lower than 
homozygosity reported in CEPH reference population data at 4 (45%) of loci. At locus 
Dl7S945, 0% homozygosity was observed where expected homozygosity was in excess 
of 20%. Observed homozygosity exceeded expected homozygosity at locus D 178949 
70 
by 8.6%. There was not a large variation in the levels of homozygosity between the loci 
investigated on chromosome 17. 
For chromosome 18 (Figure 3.14) observed homozygosity was lower than 
expected homozygosity at 6 (75%) of the 8 microsatellite markers, and was lower than 
homozygosity reported in CEPH reference population data at 4 (50%) of loci. Observed 
homozygosity was seen to be higher than expected homozygosity at loci D 18S52 and 
D18S462, which matches the findings recorded for Family A. 
Chromosome 18 showed marked variation in the levels of observed 
homozygosity between loci, with chromosome 17 also showing some variation between 
loci. Tables 3.8-3.11 detail the locus, alleles observed, homozygosity observed, 
expected homozygosity and PIC figures for Family B. 
3.4.1 Statistical significance of homozygosity comparisons, Family B 
When x2 testR were perfonned on the data from Family B, no significant 
difference (P < 0.95) was found for each chromosome between the observed and 
expected homozygosity. Paired Student !-tests indicated significant differences between 
observed homozygosity and expected homozygosity, for chromosome 15, I = 0.0005 
(P<0.01), for chromosome 16, 1 ~ 0.0016 (P<0.01), for chromosome 17, 1 ~ 0.0479 
(P<O.OS), and for chromosome 18, 1 ~ 0.0234 (P<0.03). 
When comparing observed homozygosity with reported CEPH homozygosity, 
the x2 tests indicated no significant difference (P < 0.95) for each chromosome. Paired 
Student t-tests were performed, and found no significant differences between CEPH 
homozygosity and observed homozygosity for chromosome 15, I ~ 0.5115 (P<0.60), for 
71 
chromosome 16, I~ 0.0791 (P<0.08), for chromosome 17, I~ 0.8387 (P<0.90), or for 
chromosome 18, I ~ 0.1767 (P<0.20). 
3.4.2 Comparison of mean homozygosity, Family B 
The mean observed homozygosity over all loci used in the study showed that 
Family B was less homozygous than expected across chromosomes 15 (observed 19%, 
expected 29%), 16 (observed 15%, expected 26%), 17 (observed 21%, expected 28%), 
and 18 (observed 44%, expected 50%). 
The mean observed homozygosity was lower than CEPI-1 population data 
(Figure 3.15), on chromosomes 15 (observed 19%, CEPH 19%), and 16 (observed 15%, 
CEPH 20%), and approaching the levels of homozygosity reported for CEPH 
population data on chromosomes 17 (observed 21%, CEPH 20%), and 18 (observed 
44%, CEPH 40%). Chromosome 18 demonstrated the highest amount of homozygosity 
for Family B, although higher variability between loci on chromosome 18 was 
observed. 
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Table3.7 Alleles observed, Homozygosity expected, observed and PIC, 
Family B, Chromosome 15 
Marker Alleles Homozygosity Homozygosity PIC 
No. Observed Observed Expected 
D15S 128 4 0.348 0.353 0.535 
D15S 165 5 0.217 0.351 0.537 
D15S 126 4 0.261 0.411 0.448 
D15S 117 4 0.217 0.326 0.557 
D15S 153 8 0.120 0.162 0.798 
D15S 205 8 0.130 0.216 0.721 
D15S 127 10 0.000 0.158 0.804 
D15S 130 5 0.083 0.251 0.665 
D15S 120 6 0.304 0.388 0.551 
Table 3.8 Alleles observed, Homozygosity expected, observed and PIC, 
Family B, Chromosome 16 
Marker Alleles Homozygosity Homozygosity PIC 
No. Observed Observed Expected 
D16S 423 6 0.087 0.239 0.691 
D16S 407 6 0.000 0.223 0.709 
D16S 405 4 0.211 0.381 0.494 
D16S 420 5 0.260 0.125 0.861 
D16S 401 4 0.263 0.385 0.512 
D16S411 3 0.286 0.385 0.466 
D16S415 8 0.174 0.278 0.658 
D16S 515 5 0.110 0.289 0.621 
D16S 516 4 0.130 0.269 0.629 
D16S 511 7 0.000 0.122 0.853 
D16S 520 5 0.083 0.205 0.729 
78 
Table 3.9 Alleles observed, Homozygos:~7 expected, observed and PIC, 
Family B, Chromosome 17 
Marker Alleles Homozygosity Homozygosity PIC 
No. Observed Observed Expected 
D17S 945 7 0.000 0.230 0.699 
D17S 799 4 0.261 0.342 0.361 
D17S 925 5 0.143 0.223 0.705 
D17S 798 4 0.227 0.371 0.515 
D17S 791 7 0.150 0.251 0.674 
D17S 787 5 0.333 0.339 0.566 
D17S 949 5 0.375 0.289 0.613 
D17S 802 5 0.200 0.236 0.688 
D17S 928 6 0.182 0.213 0.723 
Table 3.10 Alleles observed, Homozygosity expected, observed and PIC, 
Family B, Chromosome 18 
Marker Alleles Homozygosity Homozygosity PIC 
No. Observed Observed Expected 
D18S 59 6 0.200 0.235 0.700 
D18S 52 4 0.435 0.396 0.501 
D18S 452 5 0.136 0.289 0.622 
D18S 478 3 0.391 0.490 0.398 
D18S 57 6 0.208 0.329 0.586 
D18S 61 7 0.150 0.255 0.675 
D18S 462 5 0.500 0.485 0.439 
D18S 70 6 0.217 0.317 0.597 
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3.5 PIC comparisons with heterozygosity of Family A, Family B and CEPH 
PIC comparisons with heterozygosity were made by chromosome for CEPH, 
Family A and Family B. Multiple figures associated with this data have been placed in 
the Appendix (Appendix 5.8.1-5.8.12) for reasons of clarity. A figure demonstrating the 
mean differences between the PIC value and heterozygosity calculated for each group 
has been included here (Figure 3.16). This figure clearly shows the mean difference 
between the PIC value and heterozygosity to be much lower with the CEPH data than 
for either Family A or Family B. Chromosome 15 demonstrates the largest difference 
between CEPH and the two Sankethi families, with chromosome 16 having the least 
difference for Family A and chromosome 18 having the least difference for Family B. 
The individual figures listed in the Appendix show, as expected, that for the 
CEPI-1 data the PIC values were lower than heterozygosity levels across chromosomes 
15, 16, 17 and 18 (Appendix 5.8.1-5.8.4). When PIC and observed heterozygosity was 
calculated for Family A (Appendix 5.8.5-5.8.8) and Family B (Appendix 5.8.9-5.8.12), 
the difference was generally notably larger than the difference observed with the CEPH 
data. 
As can be seen in Appendix 5.8.5-5.8.8, there were some unusual exceptions to 
the expectation that PIC should always be lower than the heterozygosity. These 
exceptions were: 
Locus Allele no. 
Family A Dl6S415 6 observed> expected heterozygosity 
D17S784 4 observed> expected heterozygosity 
D18S474 3 observed> expected heterozygosity 
D18S64 4 observed> expected heterozygosity 
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Family B 
D18S462 
Dl5S153 
D15S127 
D16S420 
4 
8 
10 
5 
observed> expected heterozygosity 
expected> observed heterozygosity 
expected> observed heterozygosity 
observed> expected heterozygosity 
It is interesting to note that in all the cases where PIC exceeded heterozygosity, 
one of two scenarios existed; either allele numbers were low, with observed exceeding 
expected heterozygosity or, allele numbers were high and expected exceeded observed 
heterozygosity. These exceptions reflect the discordance between the observed number 
of alleles and observed heterozygosity at these microsate!lite sites. 
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3.6 Mean effective coefficient of inbreeding 
The mean effective coefficiem of inbreeding calculated usmg the equation 
derived by Sing et a/. (1973) (Refer section 2.5.5), and based on the average 
heterozygosity summed over all loci analysed was -0.13. This result is not in keeping 
with the expectations for a community that has preferential inbreeding and has been 
endogamous since the early 1500s. As has been previously stated (Refer section 1.5), a 
coefficient of inbreeding for progeny from a first cousin union would be 0.0625, that is, 
a mean increase of 6.25% in homozygosity should be seen. As many such unions have 
occurred in this community, including the families sampled, it would be expected that 
an increase in homozygosity should be seen that exceeds 6.25%. 
The previously discussed animal studies would also calculate for a negative 
value mean effective coefficient of inbreeding, as their data suggests that observed 
heterozygosity would be higher than expected heterozygosity. 
3.7 Cyrillic haplotyping maps 
Allele information was determined using the ABl Prism ™ Genotyper program, 
and then allele numbers were assigned as per tables listed in Appendix 5.6. The 
assigned allele numbers were entered into the pedigree program Cyrillic2 (Chapman, 
1993-1995), which enabled assessment of the accuracy of allele identification. This 
involved the computerised fom1ation of haplotypes, where any inconsistencies 
involving the inheritance of alleles was indicated. Where inconsistencies were 
observed, that data were re-analysed and corrected. 
On completi'Jn of data analysis, haplotyping maps were formed using Cyrillic2 
(Chapman, 1993-1995) containing information regarding the alleles observed for each 
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family by chromosome. The symbol "?"was used where data were not available for the 
individual, and also where the allele could not be used in determining the haplotype due 
to low informativity at that loci . 
This haplotype information, whilst helpful in determining accuracy of the allele 
calling, was not used in the analysis of homozygosity integral to this project. These 
maps appear in the appendix (Appendix 5.7). 
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4. Discussion 
4.1 Observed allele numbers and homozygosity 
As the investigated sample is representative of only two families from the 
community, it is assumed that the allele representation determined in the study would be 
indicative of the lower bounds of alleles observable within the community (Campbell, 
1995). The observed data on allele numbers are characteristic, and within expectations, 
of a community that has been influenced by a small founding gene pool with few, if 
any, newly introduced members into the community. New mutations that could have 
become fixed into the population gene pool may have influenced the allele numbers 
seen in our representative sample. Reduced allele numbers would also be expected 
within a community that has been inbreeding for a prolonged period. 
In the Sankethi, the observed numbers of alleles were significantly and 
consistently lower across the four chromosomes studied in both families by comparison 
with the CEPH population data (Figures 3.1-3.4). As described above, a reduction in 
allele numbers would be expected in a highly endogamous community, and in the 
present case could variously be ascribed to the initial number of persons forming the 
subject group i.e. founder effect, to genetic dritl associated with the migration and 
effective breeding isolation of the community, and to the etl'ect of preferential 
consanguinity over the last 450 years. These features of the community's genetic 
history reinforces the validity of choosing the population for the present study. 
Given the reduced number of alleles at each locus, it would have been expected 
that the overall level of homozygosity would be high in the community. Therefore it is 
somewhat surprising that the observed levels of homozygosity approach those of the 
outbred CEPH reference population and, more relevantly, display a lesser degree of 
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homozygosity than would have been expected for the community. The levels of 
heterozygosity cannot in this instance be explained in terms of erroneous heterozygote 
identification at the initial analysis stage. In fact, errors are more likely to have 
occurred where heterozygotes with only a two base pair difference are detem1ined as 
homozygotes. This could potentially occur if, because of the relative insensitivity of the 
amplification of the microsatellite or subsequent GeneScan analysis, two separate alleles 
with a size difference of only two base pairs, appear as a single peak resulting in mis-
identification as a single allele. 
4.2 Expected vs observed homozygosity 
As explained earlier, expected homozygosity was calculated for each family 
usmg the allele frequencies observed at each of the microsatellite loci, and this 
information was compared with the equivalent observed homozygosity values. With 
four exceptions, it was found that the observed levels of homozygosity were 
consistently lower than the expected homozygosity across the four chromosomes 
examined, for both families (Figures 3.1-3.4 and 3.6-3.9). x' tests did not give a 
significant result for the comparison between observed and expected homozygosity in 
either Family A or B for any of the chromosomes examined. However, the paired 
student /-test, a more appropriate test for data sets with paired results and small sample 
numbers, indicated a significance of P<O.O I for Family A, chromosome 15, and similar 
departures from expected results for chromosomes 16, 17, and 18. For Family B, 
significance was seen using paired student !-tests for chromosomes 15, 16, 17, and 18 0f 
(P<O.Ol). 
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This departure from the expected levels of homozygosity is made more 
compelling by the confirmation of endogamy and inbreeding evident in the reduced 
number of alleles observed for the community. As numbers of offspring are low in the 
families investigated, homozygosity would be expected to be even further elevated, 
rather than reduced as observed. The near uniform deviation from the expected 
homozygosity values indicates that some form of mechanism for heterozygote 
maintenance may be operating in the Sankethi community. 
4.3 CEPH database comparisons 
The validity of using the CEPH database as an accurate source of comparison for 
the data determined from the Sankethi community has been considered. The CEPH 
database was constructed from a large number of randomly selected families, implicitly 
considered to be outbred. As these families have been genotyped using ABI 
microsatellite markers, with the data readily available through the Internet, the 
information was included as an illustrative comparison between the Sankethi and an 
outbred community. The comparisons with CEPH data are used within the confines of 
the present study as a guide to the structure of an outbred community, a purpose for 
which they previously have been employed (Morell el a/., I 995; Buetow e/ a/., 1994). 
The CEPH population data are based on families with large numbers of progeny 
(>6), increasing the probability of displaying all the alleles present in the subject group. 
l! is suggested that where a marital union results in large numbers of progeny, that a 
greater chance for residual heterozygosity will ensue becal.lse of the increased chance of 
expression in the offspring of all the parental alleles. 
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It became evident during the course of this study, that variation in the 
experimental conditions for the technical aspects regarding electrophoresis of PCR 
products could have a marked affect on the determination and analysis of alleles at 
microsatellite loci (Refer section 4.1 0). Where less precise methods of allele detection 
are used, higher levels of homozygosity may be erroneously reported. As the methods 
used to establish the CEPH database predate the system in use for the present study, it is 
possible that the reported homozygosity in the CEPI-1 sample is somewhat high and so 
for this reason, less emphasis has been placed on the comparison of the current results 
with the CEPI-I data. 
Comparisons between expected homozygosity and observed homozygosity are 
of greater importance than CEPI-1 comparisons, as the expected homozygosity \Vas 
calculated from the frequencies of alleles observed from within the study community. 
This information can be accepted as providing a reliable comparison to observed 
homozygosity since the data were obtained and recorded as an integral part of the 
experimental work conducted. 
On average, the Sankethi families in the present study have only two to three 
children per generation after generation one. It would therefore be unlikely that this 
parameter will have exerted a significant effect on the appearance of excess 
heterozygosity within the study group. In !act, i1 w::rl.lld suggest that if numbers of 
progeny were to play a role in terms of the numbers of heterozygotes seen in the two 
populations, heterozygosity should be significantly lower in the Sankethi than in the 
CEPH reference data. 
This study found that there was no significant difference in the levels of 
heterozygosity between either inbred Sankethi family and the outbred CEPH population. 
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It is surprising that this highly inbred community has levels of homozygosity that are 
not significantly different to the outbred CEPH community, particularly given that due 
to other factors such as larger family size and differences in technical a:1pects regarding 
estimation of homozygosity in the CEPH population data, it would be assumed that an 
overestimate of homozygosity may be seen. 
4.4 PIC vs heterozygosity 
When PIC was calculated for the Sankethi population, it was found that on 
average the calculated values were much lower than the heterozygosity levels observed 
(Appendix 5.8.1-5.8.8). By comparison, the PIC values for the CEPH data were only 
slightly lower than the heterozygosity levels (Appendix 5.8.9-5.8.12). Figure 3.16 
demonstrates the difference between mean heterozygosity and PIC for the CEPH 
population and the two Sankethi families. This figure shows clearly that the Sankethi 
families had a much larger difference between these two variables than the CEPH 
population. 
The large reduction in PIC values in the Sankethi can be explained in terms of 
their lower allele variation (Figures 3.1-3.4), as PIC is determined by reducing 
heterozygosity by a factor calculated using the allele frequencies observed. The PIC 
values indicate that many parent couples were heterozygous for the same two alleles. 
The infonnativity of such a marker for use in linkage would therefore be low, as it 
would not be possible to determine from which parent a child had received a particular 
allele. In the present study, linkage was not required as only the genotype of the 
individual was to be determined. However the low PIC values indicate that, given the 
small number of allele alternatives, the number of heterozygotes was unusually high. It 
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is possible that alleles within the community are being eliminated over time, causing a 
less even distribution of allele frequencies. The larger difference seen between 
heterozygosity, the CEPH and the Sankethi families, due to the nature of the PIC 
calculation, may be indicative of the disproportionate distribution of alleles in the 
Sankethi community. In this event PIC may be a useful indicator of the progression of 
inbreeding within a community. 
4.5 The maintenance of heterozygosity 
As detailed in the literature review (Refer section I. 7), several studies have been 
conducted into the effects of inbreeding on heterozygosity and reproductive fitness 
using animal and insect models based on classical markers from expressed genomic 
sequences (Fincham, 1975; Connor and Bellucci, 1979; Mina eta/., 1991; Rumball et 
al., 1994). It would therefore be reasonable to assume that some form of natural 
selection was operating via heterozygote advantage, and the investigators proposed this 
mechanism in explanation of their observations. Microsatellite markers, however, are 
assumed to be neutral in effect. For this reason, it is suggested that a method other than 
selection for heterozygote advantage may be operating within this community. 
Rather than selection taking place against entire chromosomes, or genes within 
chromosomes, selection in the population may occur when segments of DNA reach a 
threshold of homozygosity, resulting in the early spontaneous abortion of the conceptus. 
This mechanism may be responsible for the large number of spontaneous abortions 
which occur in humans at a very early stage after conception (Roberts and Lowe, 1975, 
Diamond, 1987; Wilcox, 1988, Gill, 1992), but are not attributable to chromosomal 
aberrations. 
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The investigation of an endogamous community, the Bengkala population (Refer 
section 1.9), found that when examining dinucleotide STRs significant decreases in 
observed heterozygosity were found in comparison to CEPH reference data. It was also 
found however, that no comparable difference was obtained when examining 
tetranucleotide STRs. 44 dinucleotide STRs and 9 tetranuclcotide STRs were employed 
in the investigation, and comparisons were drawn between observed and expected 
hete:ozygosities and CEPH data. 
It has been found during the course of the current project that errors favouring 
increased homozygosity could occur when using dinucleotide microsatellites. As the 
Bengkala study used radioactive techniques for genotyping, heterozygotes of only 2 
base pairs difference may not have been as readily distinguishable as the tetranucleotide 
repeats, perhaps due to the insensitivity of the methods used. It is also worth noting that 
even though CEPH population data use microsatellite loci, the experimental method 
may not be identical to other studies. This difference in methodology may contribute to 
non-comparability with other studies. As previously discussed (RetCr section 4.3), it is 
possible that the number of offspring seen within the Bengkala population may 
influence the comparison of heterozygosity between this population and the CEPH data. 
When taking these factors into account, it is interesting to note that the Bengkala study 
found that when Comparing observed and expected heterozygosity, only 7 of the 53 loci 
showed significant decreases in heterozygosity, and none of these were tetranucleotides. 
As discussed in section 1.8, inbreeding depression, and even the extinction of 
inbred lines within animal models, can occur whilst apparently still maintaining a higher 
than expected heterozygosity within the subject population. Selection against 
homozygosity may result from early prenatal losses. 
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The concept of selection against segmental homozygosity could arise at the 
DNA replication phase during early mitotic division of the conceptus. One system that 
potentially may be triggered by threshold levels of homozygosity is apoptosis, or 
programmed cell death. Apoptosis can be detected via analysis of the degraded DNA 
and the presence of apoptosis-related enzymes, such as Fas (CD95), a transmembrane 
molecule that induces programmed cell death of lymphocytes (Dianzani et a/., 1997). 
The regulation of homozygosity may be determined not at the gene level, but rather via 
biochemical or physical determination of a threshold level of homozygous base pair 
sequence, with an associated enzymatic stimulation for the initiation of apoptosis. A 
hypothesis of this nature could be testable using animal models in conjunction with in 
vitro fertilisation techniques. 
Alternatively, early termination of pregnancy may result from non-separation of 
homologous chromosomes during early mitotic divisions if the physical nature of the 
homologous chromosomes is too identical. Non-separation of homologous 
chromosomes could arise if a mechanism becomes active to determine when the 
threshold of base pair homology has been reached. Possible candidates would be; 
enzyme recognition of the homozygous region, the disruption of covalent bonds of the 
template DNA disabling replication c!' the DNA segment, or the disruption of non-
covalent bonds involved in the gross conformation of the replicated DNA molecule. 
The recognition of base pair homology could be operating at the DNA replication phase 
during early mitotic divisions ofthe conceptus. 
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4.6 Selection and microsatellite markers 
Heterozygote advantage does not adequately explain the lower than expected 
levels of homozygosity observed in the Sankethi community, as the microsatellites 
chosen as a tool tbr investigating the effects of long-term inbreeding and endogamy are 
predicted to be neutral, and as such they are not subject to selection. As microsatellites 
are used in linkage analysis (Ott, 1992b) and the determination of disease gene 
positions, it seems possible that some of the loci could be selected for or against due to 
heterozygote advantage at the genes linked to these microsatellitcs. H0wever, since 
multiple microsatellite loci have been utilised in the present study to investigate the 
phenomenon of inbreeding across four chromosomes, the results obtained appear not to 
be explicable on the straightforward grounds of natural selection. 
4.7 Early Fetal Loss 
Although early fetal loss is very common, (Roberts and Lowe, 1975, Diamond, 
1987; Wilcox, 1988, Gill, 1992) an explanation is only forthcoming in approximately 
50% of cases. The known immunological responses in pregnancy have been 
investigated, with an attempt to link HLA associations with early fetal loss. It was 
found that whilst there is some relation between HLA compatibility and early fetal loss, 
that it is not solely responsible for mi~~.:arriagc (.Tin el a/., 1995), and it has been 
hypothesised that regions linked to the HLA system, particularly developmental genes, 
may be responsible for the correlation between spontaneous abortion and HLA (Gill, 
1992; Brennan, 1997). 
Individuals with near to identical l-ILA regions are likely to be related (Gill, 
1992). If this is the case, then homozygosity would be expected to occur more 
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frequently with these individuals and, if a mechanism exists to control for excess 
homozygosity, then an elevated number of spontaneous abortions might be anticipated. 
4.8 Technical aspects and difficulties cncou~tercd 
During the course of the study, a number of problems were encountered that 
hindered substantially progress of the project. At the same time, these problems served 
to highlight fundamental technical shortcomings that can arise in studies of this nature. 
For example, initially DNA was extracted fror.1 Famiiy A and chromosomes 15 and 16 
were amplified and analysed using the ABI PRISMTM 310 Genetic Analyzer with 
GenescanT" Polymer (Part no. 40 1885) and 310 Genetic Analyzer Buffer !Ox (Part no. 
40 1884) supplied by Perkin Elmer. With minimal warning, Perkin Elmer upgraded the 
GeneScan system, including the protocols and polymer supplied. On recommencing the 
analyses, it became apparent that the differences in polymer had resulted in a significant 
change in the results obtained and it would not be possible to reconcile the previously 
determined results with any new data from the microsatellite analyses (Appendix 5.9). 
To overcome this problem it was suggested that an allelic ladder, composed of 
the results initially collected, should be created to enable adjustment and incorporation 
of the new data sets. Unfortunately this approach had to be discarded, as the two 
polymers did not give consistent parallel results, and so electrophoresis of the PCR 
products obtained from Family A for Chromosomes 15 and 16 had to be repeated using 
the new polymer and protocol. When this step had been finalised, it was apparent that 
with the original polymer, some heterozygous alleles had been misclassified as 
homozygous (Appendix 5.9.1 ). Errors of this type would have altered the overall results 
of the study to a significant extent. The inability to compare results is attributable to the 
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lack of sensitivity of the original polymer, resulting in heterozygous alleles of two base 
pair difference being identified as a single combined allele, sized between the two actual 
alleles. These two alleles were not sized, while the base pair size of the false allele was 
recorded. 
The problems regarding mis-assignment of alleles using the original polymer 
were confinned by several members of the Centre for Human Genetics. Differences in 
the results obtained from using the original Perkin Elmer polymer therefore must cast 
doubt upon the value of the comparison of data between studies which have used 
different polymers. 
A second technical problem encountered was associated with the storage of 
DNA samples stored at -20°C. It was found that DNA stored at this temperature for 
approximately 6 months could not be successfully used for microsatellite amplification. 
The DNA was subsequently electrophoresed on 0.8% agarose gels and stained with 
ethidium bromide, and significant DNA degradation was apparent. Purification of DNA 
stock solutions stored at -20°C was undertaken, by passing the samples through 
QIAamp spin columns and with the final DNA re-hydrated with a 1% solution of 
EDTA, to prevent further degradation of the DNA. 
To prevent further degradation of stock DNA, extraction of DNA from Family A 
blood spots was perfonned using the phenol/chloroform technique and hydrated with 
distilled H20. Stock DNA samples were subsequently stored at -80°C. It is 
recommended that blood spots taken on to filter papers be allowed to dry thoroughly 
before sealing into envelopes for delivery. Blood spots should be stored at -80°C until 
required for amplification, and DNA extracted using a phenol/chloroform method using 
distilled H20 for rehydration. DNA samples extracted in this method degrade 
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appreciably within approximatdy 2-3 months and therefore should be used as quickly as 
possible. 
A third source of technical difficulty was associated with attempts to multiplex 
the individually amplified PCR products for GcneScan. When the samples were 
combined and dried for multiplex GcneScan, the change in sail concentration affected 
their subsequent electrophoresis. To overcome this problem, the method of PCR was 
revised from individunl amplilication of microsatellitc markers to multiplexed 
amplification, with a concomitant reduction in the salt concentration of the final solution 
for electrophoresis. 
4.9 Communit)' involvement in the project 
The Sankethi community initiated a request for establishment of the current 
research into their genetic constitution. The community has been informed of results 
from the ongoing research, and continue to liaise with the Centre for Human Genetics 
through Professor 1\ppaji Rao. 
During the establishment of the study. it was brought to our attention that 
familial adenomatous polyposis coli had been diagnosed in a number of individuals, and 
steps to assist the community were undertaken. The origins of polyposis coli in the 
community was presumed to 1940, with the death of a female aged 48 years. By 
February 1996,4 deaths in the family of the propositus had occurred due to polyposis 
coli, and a further 4 cases were under clinical observation. 
Collection of blood samples was organised by Professor Bittles, Professor 
Appaji Rao and Dr Savithri. DNA was extracted at the Centre for !-Iuman Genetics, and 
passed to Dr Edkins in Princess Margaret Hospital, Perth, where a protein truncation test 
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of RNA samples from the affected family members was performed. A common 5-base 
deletion in the Adenomatous Polyposis Coli (APC) gene was identified, and a predictive 
testing technique established. At-risk members of the extended family have been 
offered screening for the mutation, and the results from this testing program has been 
made available to the community, and counselling for the individuals concerned has 
taken place (Savithri eta/., 1997(a)). 
4.10 Conclusinn 
The Sankethi community has provided an excellent opportunity to examine the 
etTects of inbreeding over many generations within a small endogamous population. The 
fact that the community does not conform to the Western stereotype of an inbred 
population has led to questions as to what is happening at the DNA level. This study 
has determined the actual level of homozygosity at the DNA level in two, four 
generation families from the Sankethi community. 
The availability of single tandem repeat analysis and PCR teclmology has 
provided the tools required to complete this task, and in doing so has increased the 
knowledge available on technical aspects of the microsatellite analysis of human DNA. 
This study has variously contributed to information on the genetic constitution of the 
Sankethi community; furthered technical knowledge on the use of microsatellites in 
population studies; provided a link between the community and the availability of 
medical genetic services and counselling; transferred technical information to 
colleagues in the Indian Institute of Science so that they may expand our collaborative 
studies in human genetics; provided information on the genomic effects of long-term 
inbreeding in this community; and opened for further study the question of what 
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mechanisms are operating to maintain substantial heterozygosity in the Sankethi, and, 
by analogy, in other highly endogamous human populations. 
The study has shown that within this population, whilst genomic evidence 
regarding allele numbers and distribution support the historical demographic reporting 
of endogamy and inbreeding, homozygosity has not substantially increased. Other 
investigations into homozygosity levels following intense inbreeding based on animal 
models have also shown a slower than expected progression towards genetic unifom1ity. 
It has been previously discussed that early fetal loss is prevalent, and a great deal of 
these abortions are unexplained in nature. 
The results of the study indicate that within the Sankethi community it seems 
probable that some mechanism(s) is operating to maintain heterozygosity, possibly 
involving early spontaneous abortion. Hypotheses regarding the mechanisms that may 
be involved in early spontaneous abortion have been advanced, where the concept of 
selection against segmental homozygosity by physical mechanisms such as nonR 
separation of homologous chromosomes during early mitotic divisions and apoptosis 
have been discussed. Some potential methods for investigation of these hypotheses has 
also been indicated. 
From the information revealed hy the present study, it is envisaged that 
development of these hypotheses, will lead to ongoing research with the aim of 
examining the possibilities of regulatory mechanisms that are active during early stages 
of development and which may control for excessive levels of homozygosity. 
Technical difficulties encountered during the course of the project have 
enhanced our understanding of microsatellite analysis, and appropriate protocols have 
been developed in areas of multiplex microsatellite analysis, DNA extraction, and 
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storage of DNA. This project has highlighted the difficulties associated with 
comparisons between different studies where there may be variation in the experimental 
methodology employed. 
Further work on other autosomes, the Y chromosome and mitochondrial DNA is 
under way or planned within this community. Due to time constraints and limited 
subject numbers, detailed analysis of compiled haplotype information and the associated 
inheritance patterns that may reveal more information regarding the maintenance of 
heterozygosity within this community, are proposed for future examination. It is 
anticipated that with the participation of additional members of the community, and the 
addition of demographic research to complement the genetic analyses, the present study 
will underpin future research into the understanding of the genomic effects of 
inbreeding. 
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5. Appendices 
5.1 Phenol/Chloroform DNA extraction from Blood Spots 
1. Cut out 1 em blood spot from the filter paper, cut into quarters, and place in a 1.5 
ml microtube. 
2. Add 250 ~I 0.1% Triton X-1 00. 
3. Add 15 ~I 100 mgiml proteinase K. 
4. Vortex 1 min. 
5. Incubate at 50° C for 30 min. 
6. Vortex I min. 
7. Incubate at 50' C for 30 min. 
8. Add 25 ~I !Ox SET Buffer (500 mM Tris pHS, 50 mM EDTA, 5% SDS), mix. 
9. Add 500 ~I I: I chlorofo'111iphenol, mix by inversion I min. 
I 0. Spin 10 min at 13,000 rpm. 
11. Remove supernatant to fresh tube. 
12. Add 25 ~I 3M Na acetate, pH ?, mix. 
13. Add 250 ~I isopropyl alcohol, mix. 
14. Leave at -80° C for 30 min OR -20° C overnight. 
15. Spin for 15 minutes at room temperature. 
16. Wash pellet once with 500 J.Ll 70% ethanol, invert twice. 
17. Spin for 10 minutes at room temperature. 
18. Invert on tissue to air dry pellet. 
19. Resuspend in 50 ~I distilled water. 
5.2 Individual amplification protocols 
5.2.1 Individual amplification master mix 
H20 
5x Buffer 
10 J.LM Primer pair 
5.5 units/~! Taq Polymerase 
Target DNA 
5x Buffer 
1.70 ~I 
1.00 ~I 
0.25 ul 
0.05 ~I 
2.00 ~I 
250 ~!!Ox Reaction buffer (commercially supplied) 
100 ~15 mM dNTPs 
3.75 fll I M MgCI2 
146.25 ~I distilled H20 
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5.2.2 PCR protocol- Program TD 63-55: 
I. 94°C 5 min 
2. 15 cycles reducing by O.SOC each cycle, and finishing at 55.5°C 
(i) 94°C 20 sees 
(ii) 63°C 1 min 
(iii) 72°C 30 sees 
3. 15 cycles, each 
compnsmg 
(i) 94°C 20 sees 
(ii) 55°C 1 min 
(iii) 72°C 30 sees 
4. 72°C 5 min 
5.3 Multiplex Amplification Protocols 
5.3.1 Multiplex PCR Buffer solution (Buffer mix) 
lOx Reaction buffer (commercially supplied) 
5 mM dNTPs 
25mMMgCI2 
Amplitaq GOLD 
0.5 ~d 
0.25 ~I 
0.5 ~I 
0.05 ~I 
5.3.2 Multiplex protocols modified from University of Chicago protocols 
(http://yoda.bsd.uchicago.edu/-studcnt/pancls.html#conditions) 
Pancl21 FAM Markers Panel21 HEX Markers (I} 
.!J; .!J; 
H2 0 0.191.li H2 0 0.66J!I 
Buffer Mix I.30J!I Buffer Mix l.30J!I 
Primers Primers 
D\68405 0.48J!I D\68520 0.321'1 
D\68401 0.321'1 0158165 0.48J!I 
D\68411 0.321'1 0158131 0.48J!I 
D\58130 0.63J!l 
D\68515 0.96J!I DNA (50Ng/ul) 0.80J!I 
DNA (50Ng/ul) 0.80J!I 
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Panel21 HEX Markers (2} Panel 22 HEX Markers (I} 
lx 121 
H20 !. 90fll H20 !. IOfll 
Buffer Mix I .30fll Buffer Mix 1.30!-ll 
Primers Primers 
DI6S503 !.O~tl DI6S423 0.90~tl 
DI5SI26 0.90~tl 
DNA (50Ng/ul) 0.80fll DNA (50Ng/ul) 0.80!-ll 
Panel 21 TET Markers Panel 22 HEX Markers {2) 
Ix 121 
H2 0 !.62fll H20 !. I Ofll 
Buffer Mix !.30fll ButTer Mix 1.30~tl 
Primers Primers 
DI5Sl27 0.32!-ll DI6S407 !. I Ofll 
DI6S51 I 0.32~tl 
DI5SI53 0.32~tl 
DI5SII7 0.32fll 
DNA (50Ng/ul) 0.80!11 
DNA (50Ng/ul) 0.80fll 
Panel22 FAM Markers Panel 22 TET Markers 
Ix Ix 
H20 1.78fll H20 2.26fll 
Buffer Mix 1.30~tl Buffer Mix !.30ft! 
Primers Primers 
DI5S205 0.48fll DI5SI20 0. I 6fll 
DI6S415 0. I 6~tl DI5SI28 0. 16~tl 
DI6S420 0.48~tl DI6S516 0.32!-ll 
DNA (50Ng/ul) 0.80fll DNA (50Ng/ul) 0.80!11 
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5.3.3 Multiplex protocols developed at The Centre for Human Genetics, 
Edith Cowan University 
Panel 23 F AM Markers Panel23 TET Markers 
111 .111 
H20 1.14~1 H2 0 1.31~1 
Buffer Mix 1.30~1 Buffer Mix 1.30~1 
Primers Primers 
D18870 0.48~1 D18857 0.48~1 
D178949 0.32!11 D178787 0.16!11 
D188478 0.48~1 D18861 0.16!11 
0178945 0.48!11 D178849 0.63!11 
D188462 0.16~1 
DNA (50Ng/ul) 0.80~1 DNA (50Ng/ul) 0.80~1 
Panel23 HEX Markers (I) Panel24 FAM Markers (I) 
111 .111 
H20 1.04~1 1-12 0 0.98~1 
Buffer Mix 1.30!11 Buffer Mix 1.30~1 
Primers Primers 
0178925 0.96ftl D178938 0.96~1 
D178798 0.90!11 D188464 0.96~1 
DNA (50Ng/ul) 0.80~1 DNA (50Ng/ul) 0.80~1 
Panel 23 HEX Markers (2) Panel24 FAM Markers (2) 
111 .111 
H2 0 1.86!11 H2 o 1.32~1 
Buffer Mix 1.30!11 Buffer Mix l.30ftl 
Primers Primers 
D178791 0.60~1 
D178799 0.44~1 D188474 0.62~1 
D18853 0.96!11 
DNA (50Ng/ul) 0.80~1 DNA (50Ng/ul) 0.80~1 
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Pane124 HEX Markers {I) Panel24 TET Markers {I) 
h h 
H2 0 1.801-ll H2 0 J.30!ll 
Buffer Mix 1.30!ll Buffer Mix 1.30!ll 
Primers Primers 
DI8S52 0.481-ll DI7S808 0.96!ll 
DI8S64 0.621-ll DI7S802 0.641-ll 
DNA (50Ng/ul) 0.80ftl DNA (50Ng/ul) 0.80'"1 
Panel24 HEX Markers {2) Panel 24 TET Markers {2) 
h h 
H2 0 2.261-ll u,o 1.14!ll 
Buffer Mix l.30ftl Buffer Mix 1.30!ll 
Primers Primers 
Dl7S784 0.481-ll Dl7S928 0.961-ll 
Dl8S59 0.16!ll DI8S452 0.16!ll 
Dl8S469 0.321-ll 
Dl8S68 0.321-ll 
DNA (50Ng/ul) 0.80!ll DNA (50Ng/ul) 0.80!ll 
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5.3.4 Multiplex PCR protocol- Program 19 
5.2.2 PCR protocol - Program 19 
I. 95°C 15 min 
2. 10 cycles 
(i) 94'C 15 sees 
(ii) 55'C 15 sec 
(iii) 72'C 30 sees 
3. 20 cycles, each 
compnsmg 
(i) 39°C I 5 sees 
(ii) 55'C 15 sees 
(iii) 72'C 30 seos 
4. 72'C 10 min 
5.4 ABI PRISM TM Linkage Mapping Sets 
5.4.1 ABI PRISM"'' Linkage Mapping Set- Panel21 
Locus Heterozygosity Allele Size Display Colour of 
Range PCR Product 
(base pairs) 
D16S405 0.77 107-145 BLUE 
DI6S401 0.75 166-180 BLUE 
DI6S411 0.78 215-235 BLUE 
DI5Sl30 0.66 280-294 BLUE 
D16S515 0.80 320-350 BLUE 
DI6S520 0.84 144-160 YELLOW 
D15S165 0.79 180-208 YELLOW 
D15S131 0.83 237-275 YELLOW 
DI6S503 0.81 294-310 YELLOW 
DI5SI27 0.86 114-148 GREEN 
DI6S511 0.90 182-222 GREEN 
DI5S153 0.87 237-269 GREEN 
DI5SII7 0.78 316-334 GREEN 
iJJM ' . 
' (ABI PRISM Lmkage MappmgSet. Pam/ Gwde. 1994). 
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5.4.2 ABI PRISMTM Linkage Mapping Set- Panel22 
Locus Heterozygosity Allele Size Display Colour of 
Range PCR Product 
(base pairs) 
Dl5S205 0.88 123-171 BLUE 
Dl6S415 0.72 208-236 BLUE 
Dl6S420 0.82 250-276 BLUE 
Dl6S423 0.73 133-157 YELLOW 
Dl5Sl26 0.82 188-218 YELLOW 
D16S407 0.85 258-282 •;ELLOW 
D15Sl20 0.73 150-178 GREEN 
Dl5S128 0.78 193-211 GREEN 
D16S516 0.73 241-261 GREEN 
!l!Vl ' . 
' ' (ABI PRISM Lmkage Mappmg Set. Panel Gwde. 1994). 
5.4.3 ABI PRISM.," Linkage Mapping Set- Panel23 
Locus Heterozygosity Allele Size Display Colour of 
Range PCR Product 
(base pairs) 
Dl8S70 0.83 109-127 BLUE 
Dl7S949 0.80 207-223 BLUE 
D18S478 0.64 239-253 BLUE 
Dl7S945 0.86 295-321 BLUE 
Dl7S925 0.72 150-168 YELLOW 
Dl7S799 0.68 182-202 YELLOW 
Dl7S791 0.87 239-279 YELLOW 
Dl7S798 0.80 292-316 YELLOW 
Dl8S57 0.87 88-112 GREEN 
Dl7S787 0.81 134-170 GREEN 
Dl8S61 0.87 205-235 GREEN 
Dl7S849 0.67 250-262 GREEN 
Dl8S462 0.70 292-314 GREEN 
Jl JV1 
' (ABI PRISM Lmkage Mappmg Set. Panel Gutde. 1994). 
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5.4.4 All! PRISM.," Linkage Mapping Set- Panel 24 
Locus Heterozygosity Allele Size Display Colour of 
Range PCR Product 
(base pairs) 
DI8S474 0.82 118-140 BLUE 
DI8S53 0.79 148-178 BLUE 
DI7S938 0.76 234-254 BLUE 
DI8S464 0.65 295-311 BLUE 
DI8S52 0.76 114-130 YELLOW 
DI8S59 0.81 147-167 YELLOW 
Dl7S784 0.77 225-239 YELLOW 
DI8S64 0.74 311-337 YELLOW 
DI7S928 0.76 67-99 GREEN 
DI8S452 0.83 123-141 GREEN 
DI7S802 0.82 165-189 GREEN 
D!8S469 0.79 213-225 GREEN 
DI8S68 0.68 266-290 GREEN 
DI7S808 0.65 327-341 GREEN 
"M 
' 
. . • • (ABI PRISM Ltnkage Mapptng Sel. Panel Gu1de. 1994) . 
5.5 Alleles observed 
5.5.1 Alleles observed, Family A 
Marker Alleles Marker Alleles Marker Alleles Marker Alleles 
No. Observed No. Observed No. Observed No. Observed 
DISS 128 8 DJ6S 423 6 Dl7S 849 3 DISS 59 6 
DJSS 117 5 Dl6S 407 5 DJ7S938 8 DillS 52 5 
DISS 153 5 D\65405 6 D17S 799 4 DIRS 452 5 
DISS 131 5 D\6S 420 7 0175925 ,, DillS 464 5 
DISS 205 8 D\6S 401 4 D17S 798 4 D\8S 53 6 
DISS 127 5 D\6S 411 5 D\7S791 7 DISS 47H 3 
DISS 130 4 D\6S415 6 D\7S 7X7 5 D\SS 57 6 
DJSS 120 4 DI6S 503 5 D\7S!W8 5 DJSS 474 3 
DISS 165 3 DI6S516 4 DI7S 949 4 DISS 64 4 
DJSS 126 5 Dl6S 511 9 DI7S 802 5 Dl8S68 6 
Dl6S 520 5 Dl7S 784 4 DISS 61 3 
D17S 928 6 0\HS ·162 4 
DJSS 70 5 
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5.5.2 Alleles observed, Family B 
Marker Alleles Marker Alleles Marker Alleles Marker Alleles 
No. Observed No. Observed No. Observed No. Observed 
DISS 128 4 0165 423 6 0175 945 7 DIMS 51) 6 
0155 165 5 0165 407 6 DI7S 799 4 DIMS 52 4 
DISS 126 4 0165405 4 DI7S 9?.5 5 DIMS 452 5 
0155 117 4 0165 420 5 0175 791! 4 DIMS 478 3 
0155 153 8 0165401 4 DI7S71Jl 7 DI8S 57 6 
DISS 205 8 0165411 3 DI7S 787 5 DI8S61 7 
DISS 127 10 DI6S415 8 DI7S 949 5 DISS 462 5 
DISS 130 5 DI6S 515 5 0175 802 5 IJJSS 70 6 
DISS 120 6 DI6S 516 4 DI7S 928 6 
DI6S 511 7 
DI6S 520 5 
5.6 Allele sizes (bp) observed and assigned allele numbers 
5.6.1 Chromosome 15 
Locus I 2 3 4 5 6 7 8 9 10 II 12 13 14 
DISSI28 197 199 201 203 205 207 209 211 191 
DISSI65 180 194 202 182 198 
DI5SI26 186 196 198 200 202 208 2U.J. 
DISSII7 318 322 324 330 332 
Dt5SI53 235 249 253 255 257 259 261 265 
DISSI31 235 237 239 251 253 255 257 259 261 241 
0155205 125 143 145 147 149 !51 153 155 157 159 161 165 171 
0155127 108 11\J 124 126 128 130 132 134 140 1<4 146 148 136 142 
DI5SI30 280 28.2 288 29() 2M 
DI5SI20 148 158 160 166 168 170 162 
5.6.2 Chromosome 16 
I 14 110 II 12 13 14 129 I IJJ I 139 1141 143 145 170 117 I'" i I 135 "' 1250 1162 166 I 
1201 211 ]7 I 21' 215 
1206 208 116 18 220 22: 1224 I"" 228 m 
1288 2911 292 13110 30: 304 
ii lJII 344 I 328 336 243 245 1249 253 55 I 182 i '"' 188 192 198 12011 20: 2114 I 11511 IS< 156 158 160 
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5.6.3 Chromosome 17 
= t!i= 
IS 18 19 110 
~ ~ ~ 12'!3 I'"' 299 I'" I'" II'" 1192 1194 
1146 150 154 156 158 160 16 
5 300 1304 I Jo6 1290 239 1255 1257 "" 1261 1263 1269 
'" 
156 
I"' 
I"" I 
179 I" 
,. 
I'"' IIR7 
'" 
175 
10175784 27 23: I 231 229 
I 0175928 169 175 179 191 93 167 181 
5.6.4 Chromosome 18 
Lo"' 13 16 10 12 113 114 
018559 14 1149 153 55 57 159 116 1163 
!Iii 114 116 '" I IllS 120 I 121 I 129 Ill 13 I I 1105 
1018553 156 162 I 16H 154 I I 
123 1241 1247 
018557 I H6 I"" 192 I"' 102 ISH 1100 I" 
IIH I 211 13: 
= 
I J r ]]<) 1321 1105 
~I I28H 1284 27( 27H I 22< 122: 1205 225 I 21r 
121 
1100 I'"' I"" 296 
I co: (07 1 co• (J: 115 17 
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5.7 CYRILLIC2 (CHAPMAN,I993-1995) haplotyping maps 
110 
,... 
,... 
,... 
66 I 67 
68 69 
8 9 
0155128 3 1 0155128 4 5 
0155165 3 3 0155165 1 1 
0155126 1 1 0155126 1 4 
0155117 2 2 0155117 2 3 
0155153 5 6 0155153 4 4 
0155131 7215? 0155131 3 5 
0155205 9 
0153127 6 
0158130 2 
0153120 5 
1 0153205 3 7 
6 0155127 2 6 
2 0155130 2 3 
4 0155120 4 5 
17 
0155128 1 5 
0155165 3 1 
0153126 1 1 
0155117 2 3 
0155153 5 4 
0155131 2 5 
0155205 9 7 
0153127 6 6 
0155130 2 2 
0158120 ?514? 
14 
0155128 6 1 
0158165? ? 
0153126 ?112? 
0155117 ?214? 
0155153 4 4 
0155131 ? ? 
0155205 ?7/9? 
0155127 2 6 
0158130 3 4 
0155120 5 5 
73 
6 
0155128 1 1 
0155165 1 3 
0155126 1 3 
0155117 2 4 
0155153 4 6 
0155131 2 5 
0155205 1 9 
0155127 3 6 
0155130 2 4 
0155120 4 5 
13 
0155128 3 1 
0158165 71137 
0155126 2 1 
0155117 2 4 
0155153 5 4 
0155131 2 2 
0155205 7 9 
0158127 6 3 
0155130 4 4 
0158120 3 5 
15 
0155128 3 3 
0153165 1 1 
0155126 ?1/2? 
0155117 ?214? 
0155153 4 4 
0155131 5 2 
0155205 ?7197 
0155127 2 6 
0153130 3 4 
0155120 ?315? 
16 
0155128 ?113? 
0155165 1 1 
0155126 ?1/2? 
0153117 ?214? 
0155153 4 4 
0155131 ? ? 
0155205 9 9 
0155127 2 3 
0155130 3 4 
0158120 ?315? 
2 5 
0155128 ?3/8? 0155128 3 7 
0155165 3 1 0155165 1 1 
0155126? ? 0155126 1 3 
0155117 2 2 0155117 2 4 
0155153 5 4 0155153 4 7 
0155131 ?215? 0155131 2 5 
otsszos ?9/n 0155205 7 9 
0155127 6 6 0155127 3 6 
0155130 72147 0155130 2 2 
0155120 75137 0155120 3 5 
641 63 62 I 71 I 
65 75 77 
Family A- chromosome 15 
3 
0155128 4 3 
0155165 3 1 
0155126 1 3 
0155117 2 2 
·0155153 5 4 
0155131 7512? 
0155205 8 9 
0155127 ?6137 
0158130 1 4 
0155120 ?5137 
10 176 
74 
1 
0155128 3 8 
0155165 1 2 
0155126 3 3 
0155117 2 3 
0155153 3 4 
0155131 2 5 
0155205 7 9 
0158127 3 6 
0155130 2 4 
0155120 3 5 
72 
4 I 7 60 I 70 
0155128 73187 
0155165 3 1 
0155126 1 3 
0155117 ?2137 
0155153 13/4? 
0155131 ?5127 
0155205 9 9 
0155127 7613? 
0155130 ?2/47 
0158120 75/3? 
I 18 61 
19 20 
-
-N, 
11 
D15S128 5 8 
D15S165 1 1 
D15S126 3 5 
D15S117 2 3 
D15S153 4 4 
D15S131 2 8 
D15S205 2 10 
D15S127 3 12 
D15S130 2 4 
D15S120 2 5 
7 
12 
D15S128 4 9 
D15S165 1 2 
D15S126 1 3 
D15S117 1 5 
D15S153 6 6 
D15S131 2 4 
D15S205 1 11 
D15S127 3 7 
D15S130 2 2 
D15S120 5 5 
Family A -chromosome 15 (part 2) 
...... 
...... 
w 
66 
68 
67 8 
0168423 4 2 
0168407 7 ? 
0165405 4 3 
0165420 5 4 
0165401 3 1 
0168411 1 2 
0168415 3 10 
0165503 3 5 
0168516 3 3 
0165511 3 3 
0165520 3 2 
69 
0168423 2 
9 
0168423 4 7 
0168407 1 ? 
0165405 1 2 
0168420 3 5 
0168401 2 4 
0168411 4 6 
0168415? 7 
0168503 1 3 
0168516 2 2 
0168511 5 6 
0168520 2 5 
17 
7 0168423 1 
8 
0168423 2 5 
0168407 1 4 
0168405 3 1 
0168420 1 4 
0168401 1 2 
0168411 4 2 
0166415 1 4 
0168503 3 5 
0168516 2 3 
0168511 3 7 
0168520 2 5 
73 
14 
5 0168423 2 
15 
5 
0168407 7214? 0168407 4 1 0168407 3 1 
0165405 3 2 0165405? ? 0168405 2 3 
0165420 5 3 0168420 ?1/2? 0168420 1 1 
0168401 1 4 0168401 3 2 0168401 4 2 
0165411 ?4f2? 0168411 ?4/2? 0168411 ? ? 
0165415 1 6 0158415 ?4/4? 0168415 ?4!4? 
0168503 5 3 0168503 ?4/5? 0168503 6 4 
0165516 3 2 0168516 2 3 0168516 ?3/4? 
0168511 3 8 0168511 6 3 0168511 4 7 
0168520 3 2 0168520 4 5 0168520 5 5 
2 
0166423 5 4 
0168407 7 ? 
0168405 2 4 
0165420 7 ? 
0168401 ?2f37 
0168411 ?4117 
0168415 7 
0168503 4 
0168516 4 
0165511 6 
0165520 2 
13 
0168423 4 5 
0168407 1 1 
0165405 4 3 
0168420 8 8 
0168401 2 2 
0168411 4 2 
0168415 5 5 
0168503 4 5 
0168516 4 3 
0168511 3 7 
0168520 3 5 
0168423 2 
0168407 3 
0158405 1 
16 
5 
1 
3 
0168420 ?115? 
0158401 3 
' 0158411 2 2 
0158415 ?4/4? 
0168503 7 7 
0168516 2 4 
0168511 6 7 
0168520 4 3 
? 
3 
3 
3 
3 
64 
5 
0168423 2 
' 0168407 9 10 
0166405 1 2 
0168420 1 5 
0165401 2 3 
0168411 4 4 
0168415 4 4 
0168503 4 5 
0168516 1 2 
0168511 8 8 
0165520 1 4 
63 
" 
71 
65 75 77 
Family A- chromosome 16 
3 
0168423 5 
' 0168407 1 3 
0168405 2 4 
0168420 1 1 
0168401 72137 
0168411 4 4 
0168415 4 4 
0168503 4 3 
0168516 4 3 
0168511 6 3 
0168520 2 3 
10 
74 
76 
1 
0168423 2 4 
0168407 3 3 
0165405 3 4 
0168420 1 5 
0168401 2 3 
0168411 4 1 
0168415 4 4 
0165503 3 5 
0168516 1 3 
0168511 3 4 
0168520 3 3 
" 
4 I 7 60 I 70 
0168423 6 4 
0168407 4 3 
0168405 73/47 
0168420 3 5 
0168401 1 3 
0168411 5 1 
0168415 4 4 
0168503 6 5 
0168516 3 3 
0168511 ?3/4? 
0165520 2 3 
18 61 
19 20 
11 12 
0168423 1 1 0168423 1 5 
0168407 3 4 0168407 4 5 
0168405 4 5 0168405 1 6 
0168420 1 1 0168420 1 6 
-
0168401 2 5 
-
0168401 5 5 
_.. 0168411 ? ? 0168411 2 2 
0168415 1 6 0168415 5 5 
0168503 3 5 0168503 1 5 
0168515? ? 0168515? ? 
0168516 1 3 0168516 1 2 
0168511 4 4 0168511 1 2 
0168520 3 4 0168520 3 4 
7 
Family A- chromosome 16 (part 2) 
68 69 17 14 15 
0175849 1 2 0175849 1 4 0175849 1 2 
0175938 9 2 0175938 71/47 0175938 1 1 
0175945 7 7 0175945 7 7 0175945 7 7 
0175799 2 5 0175799 ?5167 0175799 3 6 
0175925 7 2 0175925 1 7 0175925 ?6177 
0175798 1 1 0175798 3 1 0175798 2 1 
0175791 2 8 0175791 7 7 0175791 ?312? 
0175787 1 2 0178767 3 7 0175787 1 1 
0175808 2 2 0175808 71127 0175808 7112? 
0175949 5 3 0175949 1 2 0175949 1 2 
0175802 6 7 0178802 7 7 0175802 77147 
0175784 2 2 0175764 4 2 0175784 2 2 
0175928 6 3 0175928 76127 0175928 10 2 
16 
0175849 2 2 
0175938 1 1 
0175945 4 4 
0175799 3 6 
0175925 ?617? 
0175798 2 1 
0175791 3 3 
0175787 71177 
0175808 2 2 
0175949 1 2 
0175802 77/4? 
0178784 4 2 
0175928 2 2 
65 75 77 74 
1 
0175849 1 2 
0175938 1 2 
0175945 ? ? 
0175799 3 5 
0175925 4 6 
0175798 3 3 
0175791 7 7 
0175787 2 7 
0175808 2 2 
0175949 2 3 
0175802 6 6 
0175784 3 3 
0175928 10 2 
Family A- chromosome 17 
19 20 
11 12 
0178849 1 1 0178849 1 1 
0178938 11 4 0178938 4 4 
0178945 ? ? 0178945? ? 
0178799 3 5 0178799 2 5 
0178925 2 6 0178925 2 6 
- 0178798 ? ? 0178798 1 3 
-a- 0178791 3 7 0178791 1 3 
0178787 1 2 0178787 2 7 
0178808 2 2 0178808 2 3 
0178949 2 3 0178949 2 3 
0178802 4 6 0178802 7 4 
0178784 1 4 0178784? ? 
0178928 3 6 0178928 2 4 
7 
Family A- chromosome 17 (part 2) 
.... 
.... 
-.j 
66 
.. 
67 ' 
69 
018559 3 6 
018552 2 3 
0185452 74161 
0185454 4 4 
018553 5 7 
0185478 3 2 
018557 7 2 
0185474 1 1 
018564 2 2 
018568 ?2141 
018561 3 2 
0185469 1 1 
0185462 4 4 
018570 ?2147 
018559 6 
018552 2 
0185452 4 
0185464 4 
018553 5 
9 
018559 2 5 
018552 2 2 
1
'0185452 7 6 
0185464 4 4 
018553 a 3 
01a547a 2 3 
: 018557 a 3 
'o1a5474 1 1 
0185641 1 
01a568 4 4 
01a561 2 2 
101854691 ? 
)185462 4 4 
018570 2 3 
17 
2 018559 2 
2 018552 3 
7 01a5452 5 
4 0185464 1 
14 
3 
3 
5 
4 
• 018553 ?517? 0185478 ?213? 0185478 2 2 
018557 7 • 018557 2 2 0185474 1 1 01a5474 1 1 
018564 1 ? 018$64 2 2 
018568 2 4 018568 7116? 
018561 3 2 018561 72137 
0185469 1 2 01a5469? ? 
0185462 4 4 D1aS462 1 1 
018570 4 2 018570 4 4 
2 
018559? ? 
018552 7 ? 
0165452 ? ? 
0185464 7 ? 
018553 7 ? 
0185478 2 3 
018557 2 7 
0185474 ? ? 
018564 3 2 
018568? ? 
018561 4 3 
0185469 7 ? 
0185462 4 4 
6 
018559 6 6 
018552 3 3 
0185452 4 6 
D18S464 4 4 
018553 3 7 
0185476 2 2 
018557 2 3 
0165474 1 1 
018564 2 2 
018568? .7 
018561 2 3 
0185469? ? 
0185462 4 1 
018570 2 4 018570 72/47 
73 
15 
13 
01a559 3 6 
01a552 4 3 
0185452 5 4 
0185464 4 4 
018553 5 7 
018S47a 1 ? 
01a557 7 2 
0185474 1 1 
018564 2 2 
018568 1 1 
018561 3 2 
0185469? 1 
0185462 4 1 
018570 4 4 
01a559 73/67 018559 2 
01a552 ?3/4? 018552 4 
16 
6 
4 
0185452 74/5? 018S452 ?4/57 
0185464 2 4 0185464 5 4 
018553 3 5 018553 3 5 
0185478 2 2 0185478 ?2137 
018557 2 2 018557 ?2f7? 
0185474 1 1 0185474 1 1 
018564 2 2 01a564 1 2 
018568 75127 018568 75147 
018561 72137 01 8561 7213? 
0185469 7 ? 0185469 1 ? 
0185462 1 1 0185462 4 4 
018570 74/57 018570 4 4 
64 
,_.. 
5 
016559 7 
' 018552 2 5 
0185452? ? 
0185464? ? 
018553 8 • 0185478 2 3 
018557 2 3 
0185474 1 2 
018564 1 4 
018568? ? 
018561 3 4 
0185469? ? 
0185462 2 2 
018570 2 4 
63 62 71 
65 75 77 
3 
018559 2 5 
018552 ?2137 
0185452 5 6 
0185464 71/47 
018553 6 5 
0185478 2 3 
018557 2 7 
0165474 72137 
018564 2 2 
018568 3 2 
018561 4 3 
0185469 7 ? 
0185462 4 4 
018570 6 2 
10 
74 
76 
t 
018559 5 6 
018552 2 3 
0185452 5 6 
0185464 1 4 
018553 1 5 
0185478 3 3 
018557 4 7 
0185474 2 3 
018564 2 2 
018568 1 2 
018561 3 3 
0185469 1 2 
0185462 4 4 
018570 2 4 
72 
Family A- chromosome 18 
4 I 7 601 70 
018559 2 5 
018$52 ?2137 
0185452 4 5 
0185464 71/47 
018553 6 5 
0185478 2 3 
018557 2 7 
0185474 72/3? 
018564 2 2 
018568 3 2 
018561 4 3 
0165469 7 ? 
0185462 4 4 
018570 6 2 
18 61 
19 20 
11 12 
018859 3 6 018859 6 6 
018852 3 6 018852 2 3 
0188452 5 6 0188452 1 1 
0188464 2 4 0188464 2 3 
018853 5 8 018853 6 8 
0188478 3 3 0188478 1 1 
018857 2 3 018857 3 5 
-
0188474 1 1 0188474 1 1 
-00 018864? ? 018864? ? 
018868 ? ? 018868? ? 
018861 2 4 018861 2 4 
0188469 ? ? 0188469 ? ? 
0188462 4 2 0188462 2 2 
018870 2 2 018870 2 4 
7 
Family A- chromosome 18 (part 2) 
-
,_.. 
'0 
" 0155128 3 8 
0158165 2 3 
015S12fi 3 3 
0155117 -4 4 
015815~ 4 8 
0155131 3 4 
0155205 1 ? 
0155127 5 9 
0155130 I 4 
0155120 5 5 
" 
" " 0155128 2 5 0155128 ? 1 
D15S16S 2 1 015$165 2 1 
0155126 1 3 0155126 3 3 
0155117 1 2 0155117 1 2 
015$153 3 5 0155153 7 5 
0155131 2 9 0155131 1 1 
015$205 9 9 0155205 10 4 
0155127 5 12 0155127 ?3157 
0155130 2 3 0155130 4 1 
0155120 5 3 0155120 7 ? 
.. 
" 
34 
0155128? 7 
0155165 1 2 
0155126 1 4 
0155117? 7 
0155153 3 4 
0155131? 7 
0158205 4 !5 
0155127 2 14 
0155130 7 1 
0185120 7 7 
" 0155128 3 
' 
0155128 ?115? 0155128 2 
' 0155165 2 
' 
0155155 1 1 0155165 ?114? 
0155126 3 
' 
0155126? ? 0155126 1 
' 015$117 4 
' 
0155117 ?1/2? 0155117 2 
' 0155153 4 
' 
0155153 5 3 015$153 4 • 0155131 ? 7 0155131 ? 1 0155131 ? 7 
0155205 1 
' 
0155205? ? 0155205 ?418? 
0155127 9 
' 
01551273 140155127 7 
' 0155130 4 
' 
0155130 4 4 0155130 4 
' 0155120 6 
' 
0155120 ?4/5? 0155120 5 
' 
" 0155126 1 0155165 1 
0155126 3 
0155117 2 
0155153 6 
0155131 2 
0155205 4 
0155127? 
0155130 1 
0155120 3 
" 
' 
0155128 2 
' • 0155165 1 ' 
' 
0155126 ?113?
' 
0155117 ?1127 
' 
0155153 7 
' 
' 
0155131 2 
' 
' 
0155205 10 
' 1 0\55127 3 
' 
' 
0155130 4 
' 
' 
0155120 5 
' 
" 0155128 2 5 
0155166? ? 
101551251 3 
0155117 2 3 
0155153 1 4 
0155131 2 2 
0155205 4 a 
o1ss121 1 a 
0155130 5 4 
0155120 5 5 
" 
" "' 0155128 2 2 
0155165 ?1/2? 
0155126 ?113? 
01&5117 1 3 
0155153 7 1 
0155131 ? ? 
0155205 10 4 
0155127 3 7 
0155130 1 4 
0155120 1 5 
" 0155128 2 
' 
0155128 5 
' 0155165? 7 0155155 ?1/47 
0155125 ?1/3? 0155126 3 
' 0155117 2 
' 
01551173 
' 0155153 4 
' 
0155153 ?114? 
0155131? 7 0155131? 7 
0155205 ?418? 0155205 4 
' 0155127 7 
' 
o155121 a 
' 0155130 4 
' 
0155130 5 
' 0155120 5 
' 
0155120 5 
' 
" 0155128 2 
' 0155165 1 
' 0155126 71/3? 
0155117 7112? 
0155153 7 
' 0155131 2 
' 0155205 10 
' 0155127 3 
' 0155130 1 
' 015512{1 1 
' 
? 
" 0155128 2 2 
0155165 ?1/2? 
0155126 ?1/3? 
0155117 1 3 
0155163 7 1 
0155131 2 2 
0155205 10 4 
0155127 3 7 
0155130 1 4 
015512Cl 1 5 
0155128 2 
0155165 1 
0155126 I 
0155117 3 
0155153 1 
0155131 2 
015520~ 4 
0155127 7 
0155130 4 
0155120 5 
" 0155128 2 5 0155165 1 1 
015$126 I 3 
0155117 1 2 
0159153 6 7 
D\55131 2 2 
0158205 10 10 
0155127 3 4 
0155130 1 4 
0155120 1 5 
" " 
' 
' 
' 
' 
' 
' 7 
" 
' 
' 
" 015512112 2 " 
015$165 ?112? 
0155126 3 3 
0155117 1 3 
0155153 7 1 
0155131? ? 
015$205 9 4 
015$127 5 13 
0155130 2 5 
015S120 1 5 
" 
" 
52 
0155125 7215? 
D\55165 1 
' 0155126 ?113? 
0155117 7112? 
0155153 7 
0155131 ? 
015S205 10 
0155127 4 
0155130 1 
0155120 1 
42 51 
01!)5128 3 5 
0155165 2 1 
0155126 5 3 
0155117 ?112? 
0155153 5 1 
0155131? ? 
0155205 3 10 
0155127 ?415? 
01!)5130 3 t 
0155120 5 1 
' 1 
1 
' 
' 
' 
Family B- chromosome 15 
" 0155128 ?215? 
0163165 1 4 
015$126 3 4 
015S117 ?1/2? 
0155153 6 3 
0155131 ? ? 
0155205 1D 7 
0155127 4 ? 
0155130 1 2 
0155120 5 5 
" 015$128 6 1 
015$165 4 2 
0158126 3 3 
0155117 ?112? 
0155153 6 2 
0155131 ? ? 
015S2D5 10 7 
015S127 4 6 
015S130 1 5 
0155120 5 6 
" 015S128 1 1 
015S165 2 5 
0155126? ? 
0155117? ? 
0155153 2 4 
015$131 4 7 
015$2(15 4 7 
0155127 3 6 
0155130 1 5 
015&12{1 3 6 
" 0155128 2 1 
0155165 4 2 
015$126 ?314? 
0155111 2 4 
0155153 6 4 
0155131 ? ? 
015$205 10 4 
0165127 4 3 
015$130 1 1 
0155120 5 3 
" 
" 0155128 2 2 
0158165 1 1 
0155126 1 1 
0155117 2 2 
0155153 6 6 
01!5$131 2 2 
0155205 j(J 8 
0155127 4 5 
015513() 4 2 
0155120 5 2 
" 
-N 
0 
32 
0168423 3 9 
0168407 3 4 
0168405 2 3 
0168420? ? 
0168401 3 5 
0168411 ? ? 
0168415? ? 
0168503? ? 
0168515 2 5 
0168516 1 2 
0168511 4 • 0168520 5 5 
47 
31 
0168423 2 9 
0165407 6 7 
0168405 3 4 
0168420? ? 
0168401 4 3 
0168411 ?115? 
0168415 2 3 
0168503? ? 
0168515 1 
' 0165516 4 3 
0168511 6 
" 0168520 7 3 
48 
0168423? ? 
0168407? ? 
0168405 3 2 
0168420 ?116? 
0168401 4 3 
0168411 ?115? 
0168415 2 5 
0168503? ? 
0166515 1 5 
0168516 4 1 
0168511 ? ? 
0168520 7 5 
27 
0168423 3 
0168407 4 
0165405 2 
0165420? 
0165401 3 
0168411 1 
0168415 3 
0168503? 
0168515 1 
0168516 1 
0168511 5 
0168520 3 
33 34 
0168423 2 9 0168423 2 2 
0168407? ? 0168407? ? 
0168405 3 2 0168405? ? 
0168420? ? 0168420 2 5 
0168401 4 3 0168401 ? ? 
0168411 ?115? 0168411 ? ? 
0168415 2 
0168503? 
0168515 1 
0168516 4 
0168511 ? 
0168520 7 
3 0168415 5 6 
? 0168503? ? 
' 
0168515? ? 
3 0168516? ? 
? 0168511 ? ? 
3 0168520 4 5 
49 
0168423? ? 
0168407? ? 
0168405 3 4 
0168420? ? 
0168401 ?314? 
0165411 1 2 
0168415? ? 
0168503? ? 
0166515 1 5 
0168516 3 t 
0168511 ? ? 
0168520 3 5 
57 
0168423 3 3 
0168407 ?314? 
0168405 ? ? 
0168420 6 6 
0168401 ? ? 
0168411 ? ? 
0168415 6 1 
016$503? ? 
0168515? ? 
0168516 2 3 
0168511 ? ? 
0168520 ?'JJ3? 
9 
7 
4 
? 
3 
5 
9 
? 
4 
3 
" 3 
22 23 
0168423 2 7 0168423 ?216? 
0168407 6 4 0168407 6 3 
0168405 3 4 0165405 2 4 
0168420? ? 0168420 6 6 
016$401 4 5 016$401 ?314? 
0168411 1 5 0168411 1 2 
016$415 2 • 0168415 2 6 0165503 3 4 0168503 3 4 
0165515 1 3 0165515 ?112? 
0168516 4 2 0168516 ?1/4? 
0168511 6 
" 
0168511 6 
" 0168520 7 3 0168520 2 4 
2B 
0168423 2 
0168407 3 
0163405 3 
D16S420 1 
0168401 3 
0168411 2 
0168415 6 
0168503? 
016$515 2 
0168516 2 
0168511 4 
0168520 3 
3 
6 
3 
6 
3 
2 
6 
? 
3 
2 
" 4 
21 
0163423 2 6 
016$407 5 6 
016$405 2 3 
016$420 4 6 
D16S401 3 4 
0168411 1 1 
0168415 2 7 
0165503 2 3 
0165515 1 2 
0165516 1 4 
0165511 5 6 
D16S520 2 7 
24 29 52 
0165423 ?216? 
0168407 7 ? 
0168405? ? 
0165420 ?416? 
0168401 ? ? 
0165411 ? ? 
0155415 7 6 
0168503? ? 
0165515? ? 
0168516 1 
' 0168511 ? ? 
0168520 7 5 
[J[j tJ 0 0 0 0 oo 0 
0165423 3 
0165407? 
0165405? 
0168420 1 
0168401 ? 
0168411 ? 
0168415 6 
0168503? 
0168515? 
0168516 2 
0168511? 
0168520 2 
56 
0168423 7 2 
0168407? ? 
0168405 ?315? 
016$420 6 6 
0168401 ?415? 
0168411 ?112? 
0165415 6 1 
0168503? ? 
0166515 ?113? 
0168516 2 4 
0168511 ? ? 
0168520? ? 
55 35 
7 0168423 6 
? 0168407? 
? D\68405 4 
6 0168420 6 
? 0168401 3 
? 01684111 
6 0168415 2 
? 0168503? 
? 0168515 1 
2 0165516 4 
? 0168511 ? 
3 0168520 2 
56 
0168423 3 2 
0168407? ? 
0168405? ? 
016$420 ?116? 
0168401 ? ? 
0165411 ? ? 
0168415 6 7 
0168503? ? 
0168515? ? 
0168516? ? 
0165511 ? ? 
0168520 2 7 
37 38 
3 0168423 6 
? 0168407? 
3 0168405 4 
' 
0165420 6 
3 0168401 3 
2 01684111 
6 0168415 2 
? 0168503? 
3 0168515 1 
2 0168516 4 
? 0168511 ? 
4 0165520 2 
39 40 4l 42 51 
3 0168423 6 2 0168423 ?216? 
? 0168407? ? 0168407 ? ? 
3 0168405 4 3 0168405? ? 
1 0168420 6 1 0168420 4 4 
3 0168401 3 3 0168401 ? ? 
2 0168411 2 2 0168411 ? ? 
6 0168415 6 6 0168415 ?6f7? 
? 0168503? ? 0168503 ?213? 
3 0168515 2 3 0168515? ? 
2 0168516 1 2 0168516 3 
' ? 0165511 ? ? 0168511 ? ?
4 0168520 4 3 0168520 4 7 
Family B- chromosome 16 
25 30 
" 0168423 ?216? 0165423 4 6 0168423 2 7 
0168407 6 3 016$407 5 a 016$407 6 4 
0168405 3 4 0168405 3 3 D16S405 2 4 
0168420 4 2 0168420 1 
' 
0168420 6 2 
016$401 3 5 0168401 2 3 016$401 4 5 
0168411 ? ? 0165411 ? ? 0165411 1 
' 0168415 7 6 0165415 6 6 0168415 2 6 
0168503 2 5 0165503 7 ? 0168503 3 5 
0168515 2 3 0168515 1 5 0165515 1 3 
0168516 4 2 0168516 1 2 0168516 4 2 
0168511 6 
" 
0168511 2 8 0168511 6 
" 0168520 2 5 0168520 3 4 0168520 7 5 
0 0 0 0 0 c 
45 44 43 46 
0168423 2 6 0168423 2 4 
0168407? ? 0168407? ? 
0168405 3 3 0168405 3 3 
0168420 4 1 0168420 4 
' 0168401 3 2 0168401 3 2
0168411 ? ? 0168411 ? ? 
0168415 7 6 0168415 7 6 
0168503? ? 0168503? ? 
0165515 2 1 0168515 2 
' 0168516 4 1 0168516 4 
' 0168511 ? ? 0168511 ? ? 
0168520 2 4 0168520 2 3 
" " 0175938 1 
' 
0175938 1 1 
017$945 1 
' 
0175945 7'])4? 
0175799 2 
' 
0175799 5 
' 0175925 2 • 017$925 ?1f47 0175798 1 4 0178798 3 3 
0115791 1 2 0175791 7114? 
0118787 2 
' 
0175787 3 
' 017$808 1 
' 
017S808? 
' 0175&19 5 
' 
017$949 ?314? 
0175802 2 • 0175802 74157 017$784 l • 0175784 4 2 0175928 3 • 0175928 1 2 
,.... 
N A 6- J ,.... n. -q 
"" 
';;' 33 
" " 017$938 7 ? 0175938? ? 0175938 1 1 017$938 1 1 0175938 7 ? 0175945 4 
' 
01759452 1 0175945 2 1 0175945 7 
' 
0175945 1 2 
0115799 4 
' 
0175799 5 2 0175799 5 2 017$799 3 
' 
0175799 3 5 
01759:255 
' 
0175925 1 2 0175925 4 • 0175925 4 ' 
017$925 1 6 
0175798 2 
' 
017$798 3 1 017$798 3 • 0175798 2 3 0175798 2 ' 0175791 5 6 0178791 1 1 017$791 4 2 017$791 4 7 017$791 4 
' 0175787 5 2 0175787 3 2 0175787 3 3 017$787 4 
' 
0175787 3 
' 0175808 ? ? 0178808 7 ? 0175808 7 ? 017S808 2 2 017$808 1 
' 017$949 3 
' 
0175949 3 
' 
017$949 3 
' 
0175949 1 3 0175949 2 
' 017$802 5 • 017$802 4 • 0175802 7 ? 017$802 7 ? 0175802 2 • 0175784 7 ? 0178784 4 1 0175784 7 ? 0175784 1 
' 
0175784 7 ? 
0175928 4 
' 
0175928 1 3 0175928 2 • 0175928 3 • 0175928 1 • 
" " " " " 0175938? 
' 
0\75938 7 ? 0178938 ? ? 0175938 ? ? 0178938? ? 
0175945 7 ? 0175945 7 . 7 0178945? ? 0175945 71f27 0178945 71f27 
0178799 4 2 0178799 6 2 0175799 2 
' 
017$799 7315? 017$799 5 
' 0118925 7 ? 017$925 6 2 0175925 4 • 0\7$925 6 • 0175925 1 ' 0178798 3 1 017$796 3 1 0175798 4 3 0175798 7213? 01?5798 3 
' 0178791 6 1 017$791 6 1 0175791 7 ? 0175791 1 ? 0178791 4 1 
0175767 5 3 0178767 5 2 0178787 ? ? 0115787 3 • 017S7B7 3 ' 017S808 7 ? 0178608 7112? 0175808 7 ? 0175606 1 2 o11saoa 1 ? 
0175949 7 ? 017$949 3 
' 
017$949 1 ? 0175949 7 ? 0175949 ? ? 
017SS02 7 ? 0175802 5 • 0175802 7 ? 011sa02 ?214? 0175602 2 2 0175784 ? 
' 
017S7S4 7 ? 0175784 7 ? 0175784 7 ? 0175784 7 ? 
017$9287 ? 0178928 6 3 0178928 2 • 017$9281 1 0175928 1 1 
" " 01759381 2 017$938 1 
0175945 ?2147 017$945 1 
017$799 5 
' 
0178799 3 
0175925 71157 0175925 6 
0178798 3 3 0175798 2 
0175791 4 • 01757911 0175787 ?'2137 01757872 
D17SS08 7 ? 0175808 1 
017$949 4 • 017$949 3 017$802 ?1127 017S802 3 
017$784 7 ? 017$784 1 
0175928 a 6 017592a 4 
~ 7~ 
" " 017$938 7 
' 
0175938 7 ? 
0175945 4 1 0175945 4 1 
0175799 5 3 0175799 5 3 
017$925 1 6 011$9251 
' 0175798 3 2 017$798 3 2 
017$791 4 1 0178791 4 1 
0178787 3 
' 
0175787 3 3 
0175808 3 
' 
017$808 3 
' 0175949 4 
' 
01789494 
' 0175802 1 
' 
0178802 1 
' 0175784 71127 0178784 ?112? 
0175928 6 • 0178928 6 • 
" 0175938 7 ? 0178945 ?1127 
017$799 5 2 
0175925 7 ? 
0175798 3 1 
0175791 ? ? 
0178787? ? 
0175808 7 ? 
0175949 7 ? 
0175a02 ?2147 
0175784 7 
' 0175928 1 1 
' • 3 
' 2
6 
3 
2 
3 
3 
2 
• 
" 017593<11 1 
0175945? ? 
0175799 7 7 
0175925 7 1 
017$798 7 1 
0175791 7 7 
0175787 7 7 
Dl7580a 7 7 
017S9'*9 7 7 
0175802 7 1 
0175784 4 4 
0175928 1 8 
" 
39 4G 
" Ot7S938 7 ? 0175945 2 1 
017$799 5 
' 0175925 7 ? 
0175798 3 2 
0175791 4 
' 017$787 12137 
Oi7S808 71127 
0175949 7 ? 
Oi75a02 2 3 
0178784 7 ? 
0175928 6 • 
29 
" 0175938 1 1 0175945 ?2137 
0175799 5 
' 0175925 71/47
017$798 3 3 
0175791 7114? 
0175787 ?2137 
0115808 7 ? 
017$949 4 • 0175602 7 ? 
0175784 4 2 
o11592a a 
' 
" " 0175938 7 ? 017$945 7 ? 
0175799 7 ? 
0175925 2 1 
017$796 7 ? 
017$791 7 ? 
0175787 7 ? 
0175808? ? 
017$949 7 ? 
0175802 7 ? 
017$784 7 ? 
0178928 7 ? 
Family B - chromosome 17 
~ 
" "' "' 0175938 7 
' 
0175938 7 
' 01759457 
' 
0175945 ?3147
0175799 3 • 0175799 73157 0175925 4 6 0175925 7415? 
0175788 1 2 0175798 7213? 
0175791 2 3 0175791 4 • 0175787 6 
' 
0175787 ?2137 
017580l!? ? 017SSOB 7 ? 
0175949 1 3 0175949 4 • 017$802 7 ? 017$802 7'2157 
0175784 7 ? 0175784 4 2 
0175928 7 ? 0175928 1 2 
" 
.. 
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5.9 Cyrillic haplotyping maps, Family A vs chromosomes IS & 16 using 
original ABI PRISM'" 310 GeneScan'" Polymer (Part no. 401885) and 
310 Genetic Analyzer Buffer lOx (Part no. 401884) 
135 
..... 
V.l 
"' 
661 67 8 9 73 
0155128 3 2 0155128 4 5 
0155165 4 4 0155165 1 1 
0155126 1 1 0155126 1 4 
0155117 2 2 0155117 2 2 
0158153 2 3 0155153 1 1 
0155131 ?1/4? 0155131 1 3 
0155205 9 2 155205 4 5 
0155127 6 4 0158127 1 5 
0155130 2 2 0155130 2 3 
0155120 4 4 0155120 4 4 
68 69 17 14 
0155128 2 5 0155128 6 2 
0158165 4 1 0155165 1 1 
0158126 1 1 0158126 ?1/2? 
0155117 2 2 0155117 ?213? 
0155153 2 1 0155153 1 4 
0155131 1 1 0155131 ? ? 
0155205 9 5 0155205 75f77 
0155127 6 5 0155127 1 4 
0158130 2 2 0155130 4 4 
0155120 ?4147 0155120? ? 
6 2 5 3 
0155128 2 2 0155128 ?317? 0155128 3 7 0155128 3 3 
0155165 1 4 0155165 4 1 0155165 1 1 0155165 4 1 
0155126 1 2 0155126 1 2 0155126 1 2 0155126 1 2 
0155117 2 3 0155117 2 2 0155117 2 3 0155117 2 2 
0155153 1 3 0155153 2 1 0155153 1 4 '0155153 1 2 
0155131 1 4 0155131 7-4/17 0155131 7 ? 0155131 74117 
0155205 2 7 0155205 ?9167 0155205 5 9 0155205 7 8 
0155127 2 4 0155127 4 6 0155127 2 6 0155127 ?2137 
0155130 2 4 0155130 ?214? 0155130 2 2 0155130 1 4 
0155120 4 4 0155120 ?4/2? 0155120 ? ? 0155120 7214? 
13 64 I 63 62 I 71 I 10 I 
" 0155128 3 2 0155165 ?4!17 
0155126 1 2 
0158117 2 3 
0155153 2 1 
0155131 1 1 
0155205 6 7 
0155127 4 2 
0155130 .. 4 
0155120 2 4 
15 16 65 75 77 74 
0158128 3 3 0158128 ?212? 
0155165 1 4 0158165 1 1 
0155126 ?1/2? 0158126 ?1127 
0155117 ?2/3? 0155117 ?2137 
0155153 1 4 0155153 4 1 
0155131 ? ? 0155131 ? ? 
0155205 7616? 015$205 8 7 
0155127 1 4 0155127 1 2 
0155130 3 4 0155130 3 4 
0158120 72/4? 0158120 1 ? 
Family A- chromosome 15, original polymer 
1 
0155128 3 7 
0155165 1 1 
0155126 3 3 
0155117 2 2 
0155153 1 1 
0155131 1 5 
0155205 6 8 
0155127 2 4 
0155130 2 4 
0155120 2 3 
72 
4 
0155128 7317? 
0155166 1 4 
0155125 1 2 
0155117 72127 
0155153 7111? 
0155131 71f1? 
0155205 9 8 
0155127 ?2/67 
0155130 ?1147 
0155120 74127 
I 18 
19 20 
I 7 601 70 
61 
-w 
-..l 
66 
Markers Alleles 
D16S423 1 .. 13 
D16S407 1 .. 5 
D16S405 1 .. 7 
D16S420 1 .. 8 
D16S401 1 .. 5 
D16S411 1 .. 5 
D16S415 1 .. 7 
D16S503 1 .. 6 
D16S515 1 .. 5 
D16S516 1 . .4 
D16S511 1 .. 10 
D16S520 1 .. 8 
67 • 
0165423 4 2 
0165407 5 5 
0165405 5 4 
0165420 ?3 47 7 
0165401 3 1 
0165411 3 4 
0165415 3 4 
0165503 73 5? 7 
0165515 3 3 
0165516 3 3 
0165511 3 3 
0165520 4 3 
68 69 
0168423 2 
0168407 5 
0168405 4 
9 
165423 3 7 
165407 3 4 
165405 2 3 
165420 3 4 
165401 2 4 
165411 1 5 
165415 1 2 
165503 1 3 
165515 2 4 
165516 3 3 
165511 5 6 
165520 3 7 
17 
7 0165423 1 
3 0168407 ? 
3 0168405 4 
0165420 ?3 4?? 0165420 1 
0165401 1 4 0165401 3 
14 
73 
6 
0165423 2 5 
0165407 2 5 
0165405 1 4 
0165420 7 7 
0165401 1 2 
0165411 1 4 
0165415 1 4 
0165503 3 5 
0165515 7 ? 
0165516 3 4 
0165511 ? 7 
0165520 3 7 
15 
z 
0165423 5 4 
0165407 2 5 
0165405 3 5 
0165420 7 1 
0165401 2 3 
0165411 1 3 
0165415 3 3 
0165503? 7 
0165515 2 3 
0165516 4 3 
0165511 6 3 
0165520 3 4 
13 
0165423 5 5 
0165407 2 2 
0165405 3 1 
0165420 1 1 
0165401 2 2 
0165411 1 4 
0165415 3 4 
0165503 4 5 
0168515 7 7 
01685164 3 
0165511 3 7 
0168520 4 7 
16 
64 
5 0165423 1 5 0168423 1 5 
? 0168407 4 2 0165407 ? 
' 3 0165405 3 3 0168405 ?1 3?? 
1 0168420 1 1 0168420 1 1 
2 0168401 4 2 0165401 3 z 
0168411 4 1 0165411 ?14?.? 0168411 5 1 0168411 4 4 
0168415 ? 
' 
0168415 4 4 0168415 ? ? 0168415 ? 
' 0168503 5 3 0168503 5 5 0165503 ? ? 0165503 5 5
0168515 3 4 0165515 ? ? 0165515 ? ? 0165515 ? 7 
0168516 3 3 0165516 ? ? 0168516 ? ? 0165516 ? 
' 0165511 3 6 0168511 6 3 0165511 ?37?? 0168511 6 7 
5 
0165423 2 
0165407 1 
01654051 
0165420 1 
0165401 2 
0165411 2 
0168415 2 
0165503 4 
0168515 2 
0165516 1 
0168511 8 
0168520 1 
63 62 71 
65 75 77 
z 
5 
3 
4 
3 
z 
3 
4 
z 
1 
• 5 
1 
0165423 2 4 
0165407 5 5 
0165405 5 5 
0165420 2 4 
0165401 3 3 
0165411 2 3 
0165415? 7 
0165503 3 6 
0165515 1 3 
0165516 1 3 
D16S511 3 4 
0165520 4 4 
3 
165423 5 z 
165407 2 5 
168405 3 5 
165420 2 z 
165401 2 3 
168411 2 z 
168415 3 3 
165503 4 3 
168515 2 3 
168516 4 3 
168511 6 3 
168520 3 4 
10 76 
74 
0165520 4 3 0165520 5 7 0165520 7 7 0165Sfa1nify A - chromosome 16, original polymer 
4 I 7 60 I 70 
0165423 6 4 
0165407 5 5 
0165405 4 5 
0165420 3 4 
0165401 1 3 
.0165411 5 3 
0168415 2 z 
0168503 ? 
' 0168515 3 3 
0168516 3 3 
0165511 ?34?? 
0168520 3 4 
7Z 18 61 
19 zo 
5.10 
5.10.1 
Conference Abstracts 
Abstract accepted to the Human Genetics: Diversity and Disease 
Conference, IUAES/ASHB/HGSA, July 1997, Fremantle W.A. 
A GENOME-BASED STUDY OF CONSANGUINITY IN A HIGHLY 
ENDOGAMOUS SOUTH INDIAN COMMUNITY 
H.S. Savithri 1, H. S. Venkatesha Murthy2, N. Appaji Rao 1, J. Cahi113, A.H. Bittles3 
1Dept. of Biochemistry, Indian Institute of Science, Bangalore, 2Annapuma Clinic, 
Bhadravati, India, 3Centre for Human Genetics, Edith Cowan University, Perth, 
Australia. 
The Sankethi are a highly endogamous Hindu Brahmin farming community in 
which consanguineous marriage is preferential. In 1524 a land grant was made to 20 
Sankethi families whose direct descendants comprise the present study sample. To 
assess the level of homozygosity in the community, finger prick blood samples were 
obtained from 59 individuals in 2 multi-generation families and DNA was extracted 
using a proteinase K digest and phenol-chlorofonn procedure. Microsatellite analysis of 
chr. 15 and 16 was conducted using 22 fluorescent markers selected from ABI panels, 
with the primer products identified on a 310 ABI Prism TM Genetic Analyzer. In the 
reference data provided by ABI, homozygosity ranged from 12% to 34%, mean 20% for 
chr.l5, and 10% to 28%, mean 21%, for chr. 16. Equivalent values in the Sankethi 
samples were 0% to 50% homozygosity, mean 25% for chr.l5 and l3% to 64% for chr. 
16. Further studies to increase the density of markers on chr. 15 and 16, and to extend 
the investigation to additional autosomes, are in progress. 
(Savithri et al., 1997(b)) 
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5.10.2 Abstract accepted to the Annual Conference of the Australasian 
Society for Human Biology and the Fifth World Academic Conference on 
Human Ecology of the IUAES's Commission on Human Ecology, Adelaide, 
South Australia, December 1997. 
GENOMIC ANALYSIS OF LONG-TERM CONSANGUINITY IN A RURAL 
SOUTH INDIAN COMMUNITY 
H.S. Savithri 1, H. S. Venkatesha Murthy', N. Appaji Rao 1, J. Cahill3, Wang, W3 and 
A.H. Bittles3 
1Dept. of Biochemistry, Indian Institute of Science, Bangalore, 2Annapurna Clinic, 
Bhadravati, India, 3Centre for Human Genetics, Edith Cowan University, Perth, 
Australia. 
The Sankethi are a highly endogamous Hindu Brahmin community with a strong 
preference for consanguineous marriage. The volunteers in the study sample are direct 
descendants of the 20 founding families originally granted land in Shimoga district, 
Kamataka by the Vijayanagara Emperor, Krishna Deva Raya in AD 1524, in 
recognition of their Vedic scholarship. To assess the overall level of homozygosity in 
the community, finger-prick blood samples were obtained from 42 individuals aged I to 
90 years in 2 multi-generation families, and DNA was extracted using a proteinase K 
digest and phenol-chloroform procedure. 
Microsatellite analysis was conducted at multiple loci on chromosomes 15, 16, 
16 and 18, using fluorescent markers selected from ABI panels, and on the Y 
chromosome with markers specifically synthesised for the investigation. Primer 
products were identified on a 310 ABI Prism TM Genetic Analyzer. The autosome and Y 
chromosome data confirmed the predicted low level of allelic variation in the 
community. However, the observed levels of autosomal heterozygosity were higher 
than expected when tested by l analysis, a finding previously reported in highly inbr4d 
non-human species, raising the possibility of selection against homozygosity at loci 
coding for early developmental genes. 
(Savitl1ri et al., 1997(c)) 
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